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Art. XXII1.—The Diversity of the Glacial Period; by 
T. C. CHAMBERLIN. 


In the November number of this Journal, there appeared 
an article entitled “The Unity of the Glacial Epoch,” by 
Prof. G. Frederick Wright, that seems to call for a rejoinder, 
partly to set right the personal views of some whose positions 
are opposed, and partly to state with a greater approximation 
to correctness the leading facts bearing on the question and 
the necessary inferences from them. There are many ques- 
tions relating to the problem that are legitimate subjects of 
difference of opinion. Were the article confined to these, it 
would be foreign to my habit to reply to it. Even as it is, if 
this were the first or the second or the third disenssion by the 
author that has failed to correctly represent personal views and 
scientific determinations, I should doubt whether I were justi- 
fied in writing an article that must necessarily embrace a Teneo 
controversial factor. 

The. article is not of the nature of a constructive advocacy 
of the unity of the Glacial epoch, as its title seems to imply, 
but an attempt at destructive criticism of the evidences ad- 
vanced in support of the duality or diversity of the Glacial 
period, and an attack upon the individual positions of some of 
the advocates of these views. The insufficiency of all argn- 
ments advanced for duality or diversity, even if demonstrated, 
would, without positive arguments in proof of unity, only put 
the question back where it was two decades ago. It would 
make it simply a matter of doubt, with only conservatism on 
the side of simplicity. That is an effort of doubtful utility at 
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the present time. The advocates of unity should present 
direct evidences of indivisibility and of the persistence of like 
conditions throughout the period if they are to merit attention. 
Destructive arguments have their place in such discussions, 
but they have an inferior value, unless they are attendants of 
affirmative arguments. 

Prof. Wright’s introductory statement of the question seems 
to me to need radical reconstruction to be even approximately 
representative of the present attitude of glacialists. If we set 
aside the views of those who hold glacio-natant theories of the 
origin of the drift, in whole or in part, there will remain at 
least four classes of views, with an ulterior fifth class. These 
may be designated, (1) the primitive views of unity, (2) the 
later views of unity, (8) the several views of duality, (4) the 
several views of plurality or diversity, and (5) ulterior syn- 
thetic views based on exhaustive analysis. 

1. Primitive views of unity. —The old views of unity 
recognize but a single comparatively short ice invasion (modi- 
fied by oscillations of the margin), involving but one stage of 
land elevation followed by one stage of depression, the Cham- 
plain. Local glaciation was held to be an incident of the 
retreat, and an elevation was thought to accompany the sue- 
ceeding Terrace epoch. The stages of elevation and depres- 
sion were quite generally held to have a genetic relationship 
to glaciation, but that was not universal, nor is it essential to 
the classification. It was the view of some that local glacia- 
tion accompanied the elevation of the Terrace epoch, thus 
constituting a species of second glaciation, but this is imma- 
terial so far as the interpretation of the great body of drift in 
the United States is concerned 

2. Later views of unity.—The later views of unity depart 
somewhat radically from the old ones in postulating a long 
depression, or series of depressions, in the earlier stages of 
glaciation (perhaps preceded by a stage of elevation), followed 
by a prolonged stage or series of stages of elevation followed 
again by a stage of depression, this last being the Champlain 
depression in the strict sense of the term. This view differs 
from the old doctrine of unity in the important and very 
necessary feature of recognizing at least one early stage of 
depression, of which several separate episodes of glaciation 
have already been determined. It also parts company with 
the old view in entertaining a radically different conception of 
the extent and complexity of the period and of the import- 
ance of its constituent episodes. The working methods of 
those who hold this view are radically different from those of 
the old school, as well as their habits of interpretation, in that 
they are analytical and discriminative in respect to structural, 
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enetic and historical factors. In these respects, this view 

oes not very essentially differ from the following views. It 
only diverges from them in recognizing the whole complex 
series of glacial movements as connected and bound together 
across the episodes of retreat and advance by conditions that 
are to be interpreted as signifying continuity rather than dis- 
continuity. 

3. Duality.—The several views of duality differ in detail, 
but they agree in recognizing one, and only one, epoch of 
deglaciation of such nature and importance as to justify a 
division of the period into epochs by means of it. Each of 
the two epochs is held to have been marked by episodes of ice 
advance and retreat and other changes, but these are thought 
to be subordinate to a bipartite division. The separation of 
the epochs of lake-formation in the Great Basin region by an 
interval of aridity, the separation of the epochs of glaciation 
of the interior by an interval of extensive and high-gradient 
erosion and weathering, and the intervention of a temperate 
fauna and flora between glaciated deposits in Europe, are 
typical illustrations of the class of data to which these views 
appeal. It is not essential to prove or to hold that the ice 
completely left the continent, any more than it is necessary to 
prove or to hold that the sea retreated from the land between 
the recognized epochs of the Niagara period. The question is 
not a question of two glacial periods but of two glacial epochs, 
as these terms have come to be commonly used in America 
and England. This doves not make the distinction merely a 
choice of terms. It is a distinction of ideas, and of not unim- 
portant ideas. The dualist holds that he has grounds for an 
important subdivision of glacial history comparable in signifi- 
cance to that which divides the periods preceding. There is, 
it is true, an element of judgment here, as in all similar cases, 
but back of that there is an essential distinctness of ideas. 

4. Plurality or diversity.—Some of the most experienced 
glacialists of Europe and of this country who have held to 
the last class of views, have come to feel their inadequacy in 
the interpretation of the vast growing mass of evidence, and 
have enlarged their views in the direction of still greater 
diversity. These have come either to recognize three or more 
glacial epochs, or to feel that the diversity is so great as to 
make a simple bi-partite division unsatisfactory. One of the 
latest and most notable expressions of this class of views is to 
be found in a recent paper by Dr. James Geikie, “ On the 
Glacial Succession in Europe” (Trans. Roy. Soc. Edinburgh, 
May 16th, 1892) in which five glacial epochs are recognized, 
and a map of the distribution of the ice in the second and 
fourth of these epochs is given. 
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1. Doubtless nearly or quite all the older students of drift, 
of the glacial school, once entertained views that should be 
placed under the first class. Such views linger with some 
whose later attention has been turned in other directions 
chiefly, and with some whose studies have been confined to 
areas presenting only one time-phase of the drift conspicu- 
ously, and some hold these views for reasons less felicitously 
explained. I should class Professor Wright’s views in the 
primitive group. He is doubtless in advance of many phases 
of the older views and his papers show some progress, but he 
has failed to definitely recognize and accept two stages of 
depression separated by an important stage of elevation. This 
is best illustrated by his position respecting the formations of 
the Delaware region, which will be noted further on. His 
impression of the extent and complexity of the ice age is of 
the earlier rather than of the later order. He does indeed use 
terms that by themselves would signify great extension and 
complexity, but he employs arguments and interpretations 
which show that they carry a significance very different from 
that which is given them by those who take the newer and 
enlarged views of unity. For instance, he objects to the 
reference of the erosion of the lower gorge of the Allegheny 
and Upper Ohio Rivers to an interglacial epoch on the ground 
of the length of time required by the erosion, and speaks of 
such views as “meking unnecessary demands on the forces of 
nature.” (Man and the Glacial Epoch, p. 218.) His deserip- 
tions of the Ice age in his two books and elsewhere seem to 
me to convey an archaic and bedwarfed impression both of the 
extent and complexity of the period. I cannot, theréfore, 
think that his views of the glacial period have any such exten- 
sion as would entitle them to be classified under the newer 
views of unity. The most serious phase of the matter is that 
neither analytical methods nor their results seem to find even 
an approximately accurate reading, much less exposition and 
discussion, at his hands. 

2. The later views of unity seem to have few, if any, 
declared advocates, due, doubtless, to the fact that as soon as a 
glacialist comes to realize the nature of the phenomena invol- 
ved to an extent sufficient to cause him to dismiss the primary 
views, he quickly passes on into the third or fourth class, or 
else takes an attitude of conservatism and reserve, and awaits 
further evidence before engaging in a definite advocacy. 
These views are, however, entitled to a distinct place and to 
full recognition, because they not only represent the attitude, 
whether transient or otherwise, of a considerable body of gla- 
cial students, but they are still kept among the working hy- 
potheses of many who employ the method of multiple working 
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hypotheses. That method requires that all hypotheses not 
absolutely excluded by evidence should be retained in the 
working group. If any doctrine that can properly be desig- 
nated a doctrine of unity shall ultimately prevail, it will be 
one that will be developed along the lines of effort which 
characterize this class and distinguish it from the first class. 

So far as the attitude of those who entertain this class of 
views concerns analytical methods of working, it stands, so far 
as it is typical, in sharp antagonism to that of the advocates of 
the first class, because the ultimate establishment of their 
views depends upon the clear discrimination of the glacial 
deposits that were formed in the apparent intervals appealed to 
by the advocates of the third and fourth classes and upon 
the demonstration that such episodes of glaciation occupied 
these intervals. This involves not only the clear discrimina- 
tion of the intervals but the determination of the special 
deposits that bridge them. This demands the utmost re- 
sources and highest refinements of analytical and discrimi- 
native methods. Success will not lie in ignoring or belittling 
the extension of glacial time or the greatness of the inter- 
vals now discovered; but, if attained at all, it will be through 
ability to fill in the gaps with undiscovered deposits and 
to bridge over the unquestionable changes of surface attitude 
with gradational stages and concurrent glaciation, and to 
demonstrate that the variations in the character of glacial action 
took place by such gradual steps as to bind the whole into 
inseparable unity. This requires an attitude toward discrimi- 
native work precisely opposite that assumed in Professor 
Wright’s discussion of the subject. 

3. It is difficult to name, and moreover unprofitable to 
attempt to name, the glacialists who at the present hour advo- 
cate the doctrine of duality as distinguished from plurality or 
diversity, since so many of those who some time ago felt com- 
pelled by evidence to believe in at least one interglacial epoch, 
but who were not convinced that it was necessary to recognize 
more than one of the major type, have in recent years passed 
on to, or at least toward, the recognition of two or more such 
intervals under the impress of the accumulation of evidence. 
No one can have followed conscientiously the onward move- 
ment of opinion during the last few years and have failed to 
note the strong drift from simple duality toward either a 
strongly diversified duality or toward plurality. In the midst 
of this movement, it is idle, as well as harmful, to attempt to 
define the positions of individual glacialists in so far as they 
have not recently defined them for themselves. 

4. What has just been said applies to the lower limit of the 
fourth class, but there are some whose declared opinions make 
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this a distinct and important group. The very able paper by 
Dr. James Geikie, already referred to, is a notable expression 
of advanced opinion of this kind. Incidentally it indicates a 
similar attitude on the part of some other European glacialists 
of large and varied experience and of unquestioned ability, 
and some American glacialists have indicated at least a hospit- 
able attitude to similar views. A comparison of the actual 
seme of Dr. Geikie with that assigned him by Professor 

right, and a comparison of the array of evidence which Dr. 
Geikie advances with the treatment it received in the article 
in the November number of this Journal is one of several 
illustrations of the ground of my protest. 

5. There is an ulterior synthetic view to be based on a 
previous exhaustive analysis to which every cautious student 
of the subject looks forward as the ultimate interpretation. 
This is an ulterior view because it is impossible to take such a 
view at the present time, except in a crude prophetic sense. 
The method may now be clearly seen but the data for its 
realization are not at hand. The first step toward it is a 
thoroughgoing analysis of the glacial complex into its con- 
stituent deposits and the definite delineation of these both in 
plot and in section involving the tracing out of the connections 
and the correlations of the constituent sheets, the determina- 
tion of the intervals that occur at different horizons and in 
different sections of the country (for they are not the same 
everywhere), and the evaluation of the nature and length of 
the intervals and their climatic, orographic and other character- 
istics. ‘Then will come the final test of the unity views, in the 
demonstration, or the failure to demonstrate, that episodes of 
glaciation fill in the intervals and bind the whole into indi- 
visible unity. Then will come, also, the final test of the 
doctrines of duality or diversity in the establishment, or non- 
establishment, of intervals which prolonged research has failed 
to bridge, and which temperate faunas and floras show to be 
necessarily interglacial intervals, unless there be brought into 
the series the distant polar connections which are presumed to 
exist in any case. It is in the interest of each of the classes, 
unless it be the archaic one, to press on analytical and discrimi- 
native studies and to give to them and to their results full 
recognition. 


Immediately following his general statement of the question, 
Professor Wright remarks, “In approaching the subject, it is 
important to notice the fact that Professor Chamberlin inaugu- 
rated his induction as director of the glacial division of the 
United States Survey by publishing a monograph of “The 
Terminal Moraine of the Second Glacial Epoch ” [correct title 
“ Preliminary Paper on the Terminal Moraine of the Second 
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Glacial Epoch], thus assuming the truth of his theory in the 
title.” Iam puzzled to see how the title “The Terminal Mo- 
raine of the Second Glacial Epoch” any more assumes the truth 
of a theory than the title “The Unity of the Glacial Epoch.” 
If the purpose of the sentence was to convey the impression 
that I commenced my consideration of the —. by assum- 
ing the truth of the duality theory, it is precisely antipodal to 
the fact. This paper was my seventh discussion of the 
moraine or some part or phase of it. The first of these was 
prepared while I entertained primitive and inherited views 
closely similar to those which Professor Wright now advocates. 
These views I gradually abandoned as my information increased 
and my series of papers show a progressive change of opinion. 
It was only at the close of my official work on the Wisconsin 
Survey, when called upon to sum up and iuterpret finally the 
results reached, that I definitely announced an abandonment of 
the old view and an acceptance of the dual view, assigning 
reasons therefor.* If anything relative to the history of my 
personal views is of any importance in the matter (which is 
not my assumption), it is this statement of change of view at 
the close of several years of consecutive study, a statement 
which had more of a final than of an inaugural character. 

The effort of Professor Wright to lay the groundwork of 
presumption that my whole interpretation of the facts bearin 
on the duality of the epoch is possibly a mistake by reason o 
a change in my mapping in Illinois would have been without 
foree had he made a fair statement of the case. He states, 
“in this preliminary monograph (see pp. 322-326) the moraine 
is made to correspond with the kettle moraine of Wisconsin, 
and to hug the southern shore of Lake Michigan, but in the 
Seventh Annual Report of the U. S. G. Survey the later 
glacial drift is carried down to Bloomington more than one ~ 
hundred miles farther south, while at the latest date Mr. 
Leverett (Am. Geol., July, 1892, p. 23) specially deputed by 
Professor Chamberlin to look after the moraines, draws his 
later moraine line one hundred miles still farther south, through 
Litchfield, Hillsboro,” ete. (p. 353.) There is here a complete 
omission of all reference to the provisional lines which were 
marked with dots on the map in my earlier paper, and concern- 
ing which the following was said in the text t 

“There may be no more fitting place to make a qualifying 
remark in regard to the whole region between the moraine 
above traced and that adjacent to Lake Michigan. The drift 
of this area bears undoubted evidence of being recent, and, 
though this is in considerable part due, superficially, to aqueous 


* Wis. Geol. Sur., vol. i, pp. 271, 272. 
+ Third Ann. Rep. U. S. Geol. Sur., 1883, p. 331. 
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agencies, it seems to me probable that the region will prove to 
have been largely, possibly completely, covered by ice in the 
earliest stage of the second glacial epoch. It is not, however, 
traversed by conspicuous moraines, at least not by any as well 
developed as those above outlined. Low ridged belts of sub- 
dued morainice aspect have been observed at numerous points, 
but their relations have not yet been traced out. 

“A similar qualifying remark may be here made concern- 
ing a considerable area in Northern Illinois, outside the mo- 
raine described in this paper. The freshness of its drift, and 
the unsculptured contour of its surface, bear evidence of 
recent origin. Some portions of this area seem clearly to be 
of lacustrine and fluviatile origin, at least superficially, and I 
have at times supposed that all might be due to waters mar- 
ginal to the adjacent glacier, since there is no conspicuous 
bordering morainic ridge; but the tendency of recent evi- 
dence, gathered in a special study of this class of deposits, 
seems to favor the hypothesis of more extensive glacial occu- 
paney, even where the evidence of it in obvious moraines is 
feeble or wanting. This questionable region is now under 
investigation. The dotted lines on the map indicate some of 
my working hypotheses.” 

Prof. Wright neglects to say that my later mapping relates 
to this area, thus announced to be under investigation, and 
that its morainic lines were such as the preliminary map had 
foreshadowed. He further failed to say that this later map 
was one constructed merely to exhibit the location and direc- 
tion of strize in connection with my paper on ‘ Rock Scorings 
of the Great Ice Invasions.”* I have not yet re-discussed the 
region nor the moraines in question. The more recent investi- 
gations bring out into clearer definition and justification the 
ground of doubt which lay in my mind at the time of the 
first mapping, for they show that there are two groups of 
moraines representing two important episodes of glacial his- 
tory, and that both mappings will be retained, when corrected 
and perfected, as factors in an ultimate differential map of the 
drift of the region. To demonstrate their exact correlations 
east and west still remains difficult, because the later lines 
override the earlier at large angles and conceal their connec- 
tions, and because the moraines of both epochs bunch them- 
selves in the reéntrant angles between the ice lobes in such a 
way as to make their demonstrative disentanglement a work 
of extreme difficulty. On this account I have left the pro- 
visional correlations set forth in the earlier paper standing 
without re-discussion, that the work of later correlation might 
be the freer. 


* 7th Ann. Rep. U. 8. Geological Survey, pp. 147-248. 
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Having made it appear by such omissions that I had changed 
my mapping to the amount of a hundred miles, Professor 

right states that Mr. Leverett draws “his later moraine 
line” one hundred miles still farther south. If by this ex- 
pression it is meant that Mr. Leverett referred this moraine 
line to my second glacial epoch, I think a reading of Mr. 
Leverett’s language will fail to show warrant for it. Mr. 
Leverett distinctly recognized two groups of moraines coinci- 
dent with two orographic attitudes. He did not discuss the 
relations of either of them to my correlations. If it is meant 
simply that this moraine was announced “later” than the 
others, it has no pertinence, unless it is assumed that any 
moraine of any sort is to be referred to my later epoch, which 
is not Mr. Leverett’s view nor mine. As to still more south- 
erly moraines, Mr. Leverett and myself are quite aware of the 
hilly belt at Greenville (whose course it may be remarked in 
passing makes a high angle with the drift border) and also of 
other more or less definable but obscure tracts of thickened 
drift of a terminal or quasi-terminal kind. It is a part of our 
hope and expectation to be able at length to trace out obscure 
sub-marginal thickenings of the drift sheets, and other quasi- 
marginal markings of one kind or another, over the whole 
drift field, old as well as new, where the more pronounced ter- 
minal moraines are absent. This has formed a feature of my 
plans for many years and considerable preliminary data have 
been gathered and some detailed tracing oa been done in pur- 
suit of it, in connection with work on the more important and _ 
significant moraines which mark advances of the ice and define 
glacial episodes if not epochs. Some of these moraines of 
minor significance have been mapped, and others are yet to be 
added. Some of them will lie not far from the border of the 
drift at some points, and it is to be hoped that the more ob- 
secure older drift will yield marginal indices in all districts 
sufficient to show its history with approximate accuracy. With 
this in view, I have developed new criteria of discrimination 
and have proposed additional distinctions between marginal 
moraines and have sought other marginal and submarginal 
markings suited to the requirements of this more critical work. 
Of course a map showing all these moraines and marginal 
lines without indicating their differences, gives a more or less 
anti-divisional impression, much as does the diagrammatic geo- 
logical column of the text-books and dictionaries, and of 
course it is possible to lump these all together as “ moraines of 
recession,” or “ receding moraines,” just as all the sedimentary 
strata south of the Archzean terrane may be disposed of as 
deposits of sea-recession. These moraines are moraines of ice- 
retreat in much the same sense as the Paleozoic sediments are 
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beds of sea-retreat. There was a general retreat in both cases, 
but there were advances in both cases, and the recognition of 
these constitutes the essence of the science in both cases. 

Besides the implications involved in the attempt to make 
the older moraines—even undiscovered ones—do duty as cor- 
relatives of what others regard as obviously much younger 
ones of different character, there is a specific erroneous im- 
pression conveyed by the statement that closer observation is 
not unlikely to carry the exterior moraine farther south still 
which would be “all that is necessary to make the extreme 
boundary stand related to the moraine there as it does through- 
out the eastern part of the Mississippi Valley.” This carries 
the implication that there is a constant relation between the 
extreme boundary and the outer terminal moraine in the 
eastern part of the Mississippi Valley. This is not the case. 
The fresh stout moraine that lies near the border in the upper 
Ohio region departs from it in going westward and disposes 
itself in a strongly looped fashion that is not coincident with 
that of the nord t is precisely because of this lack of 
coincidence and because of the marked differences in the char- 
acter of the drifts that a distinction between them is urged. 
In Illinois there is nothing within a hundred miles of the border 
that presents any rational grounds for correlation with the outer 
terminal moraine in Western Pennsylvania. Professor Wright 
claims to have spent five seasons on the border between Penn- 
sylvania and the Mississippi River,* and yet he has not found 

_in Western Ohio, Indiana and Illinois any such moraine-and- 
“ fringe” in any such relationship as he has so often described 
in Western Pennsylvania. One would think that five seasons, 
work would give a better suggestion of what is likely to be 
found true respecting a moraine-and-“ fringe” border, than 
the one offered to the effect that Mr. Leverett or some one else 
is not unlikely yet to find a moraine of some sort somewhere 
near the border. In Bulletin 58 U. 8. Geol. Survey (p. 75) 
Professor Wright says, “In Illinois nothing like a moraine 
was enconntered in any portion of the State which I traversed, 
which included Randolph, Perry, Franklin, Jackson, William- 
son, Saline, Gallatin and White counties ” 

Mr. Leverett recognizes the following stages applicable to 
the region between its limit of drift in southern Illinois and the 
the head of Lake Michigan. 

Ist stage. Sheet of drift averaging perhaps 20 feet in thick- 
ness. Intervals of slight or partial deglaciation shown by 
occasional presence of soil between sheets of till. 

2nd stage. Interval of deglaciation of great length. Sur- 
face of old drift sheet deeply oxidized, leached and much 
eroded. Thick and widespread soil. 


* The Dial, Dec. 16, 1892, p. 380; Jan, 1, 18983, p. 7. 
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3d stage. Deposition of main body of loess and associated 
silts. Apparently very low altitude and slack drainage. 

4th stage. Long interval of deglaciation. Large valieys 
cut in loess. 

5th stage. Formation of thick drift sheet with morainic bor- 
der 75 to 100 feet deep. Ice reached Shelbyville (not Litch- 
field) at maximum advance. Later sub-stages of glaciation 
marked by moraines or thickenings of drift at the margin of the 
sheets oy to 50 feet). Intervals between successive moraines 
probably short since evidences of oxidization, leaching, erosion 
and soil accumulations are scant. Elevation about as at present 
when Shelbyville moraine was formed. Drainage less vigor- 
ous wheu later moraines of this stage were formed. 

6th stage. Interval during which ice lobes and ice currents 
were shifted. Length probably considerable, though decisive 
evidence is wanting. 

7th stage. Latest series of ice lobes south of Lake Michigan 
formed. Elevations greater, drainage freer. Minor moraines 
marking later sub-stages. Followed by the lake deposits of 
the region. 

Mr. Leverett is inclined to correlate the outer moraine in 
Eastern Ohio and Northwestern Pennsylvania (there called 
the terminal moraine in a double sense by some writers), with 
the outer member of this last group, which is about 240 miles 
from the extreme limit of drift in Illinois, but owing to the 
fact that the moraines in the intervening region became 
bunched together in the angles between the ice lobes, an 
entirely demonstrative correlation by tracing is difficult, and 
he withholds a final judgment. But leaving the doubt as wide 
open as the phenomena will admit, he regards a correlation of 
the outer moraine of Western Pennsylvania with anything 
within 120 miles of the southern limit in Illinois as opposed 
to all evidence. 

In his elaborate monograph on “ The Pleistocene History of 
of Northeastern Iowa,”* Mr. McGee defines and illustrates, 
with great fullness, the following series : 

1. A lower till ranging in thickness from a mere veneering 
to 200 feet, averaging perhaps 50 feet, characterized by green- 
stone erratics (in contrast with the granitic erratics which 
characterize the upper till); nowhere displaying a moraine- 
like peripheral thickening, but everywhere attenuated toward 


. its margin. General facies ancient, ferrugination and oxida- 


tion greater than that of upper till. 
2. A forest bed found in 40 per cent of the well-sections, 
20 to 25 per cent of them showing a definite bed. Old soil 


* 11th Annual Report U. S. Geological Survey. 
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thicker than that of to-day. Pine, oak, elm, sumac, walnut, 
willow, ash, hickory, and tamarac recognized. 

3. An upper till, ranging in thickness from a veneering to 
probably 100 feet, averaging perhaps 20 feet. Erratics gener- 
ally granitic. Grades horizontally at the south into loam, and 
vertically either grades upward into leess, or is overlain with 
a certain unconformity by less. Only rarely and locally do_ 
terminal moraines mark ra margin. 

4, A less mantle, which in part grades into the upper till, 
and in part overlies it with a definite dividing plane between. 
Regarded as a deposit contemporaneous and continuous with 
the upper till. 

These formations are older than the moraine-bordered 
tongue of till which occupies the north central part of the 
State and they pass under it. They are separated from it by 
great general erosion, oxidation, leaching, ete. 

Back of this lie the complicated moraine-bordered deposits 
of Minnesota. We have here, therefore, a series comparable 
to that on the east side of the Mississippi. The upper till of 
Mr. McGee was deposited at a time of slack drainage. The 
moraine-bordered tongue of Central Iowa was deposited at a 
‘higher gradient, as shown by the freer drainage from its edge. 

t thus appears that the latest studies of these two experi- 
enced investigators, the fullness and detail of whose work in 
this region is unsurpassed, bring into clearer and sharper defi- 
nition than ever before, the distinction between these drift 
sheets, and magnify the importance of the intervals. 

While the question of one or more epochs is not necessarily 
dependent upon that of the origin of glaciation, there is so 
intimate a connection between them, that whatever bears upon 
the one, is not without application to the other. If the great 
intervals of deglaciation and the great advances of the ice were 
due to astronomical causes of the type advocated by Croll, 
every great change, being due to a reversal of the action of 
the controlling agency, is entitled to distinct recognition. If 
the chief cause of glaciation is northern elevation, any evi- 
dence which shows a depression far to the northward carries 
with it as a logical conclusion the assumption of general deglaci- 
ation. Prolonged glacial action at low altitudes puts the theory 
to a severe strain. Halts and advances at low altitudes impose 
still greater difficulties, the more severe the greater the interval. 
Even if it is granted that just after the ice reached its max- 
imum extension, a depression took place because of the load- 
ing of the ice and that low gradient deposits attended the 
retreat of the ice, it is evident that there could be no consider- 
able readvance without a restoration of high altitude. For 
instance, the ice could not rationally be presumed to retreat to 
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the northward and remain long enough to permit the accumu- 
lation of a soil equal to that of the present and then advance 
again while the country still lay at a low altitude. It certainly 
could not be supposed that the ice would retreat so that low- 
gradient deposits should take place six or seven degrees of 
latitude back from the edge of the ice without general degla- 
ciation also taking place. Now, in the Mississippi Valley we 
have silt deposits spreading over many thousands of square 
miles and connecting themselves with the second main drift 
sheet of the series given above. They overlie the oldest drift 
throughout large areas but are separated from it by a soil hori- 
zon. (The older drift seems to have its own silt-appendices 
in some regions also.) These silts oceur on the highlands ad- 
joining the main rivers throughout the older glaciated regions 
from Ohio to Nebraska, and they reach northward to the west- 
ern part of Wisconsin, the southeastern part of Minnesota, 
the southwestern part of Minnesota, the southeastern part of 
Dakota and the northern part of Nebraska, and from these 
tracts they extend without detectable interruption to the gulf 
region. * other words, they reach seven degrees north of 
the extreme drift limit in the Mississippi region and six de- 
grees in the Missouri region. To account for the phenomena 
in harmony with the hypothesis of glaciation by elevation, it 
appears to be necessary to suppose that the northern region 
was elevated to a height edna to cause an ice sheet to 
creep down to a point south of the latitude of 38 degrees on 
a plain of great extent; that this was followed by a depression 
sufficient to cause the withdrawal of the ice for an unknown 
distance and to remain withdrawn long enough for a soil and 
for peat and forest beds to accumulate to thicknesses fully 
comparable to those of the present; that there was then an 
advance sufficient to form the second till which overlies this 
forest bed, followed by a retreat under such conditions as to 
permit silts to gather over the wide areas indicated for six or 
seven degrees northward and at considerable heights above the 
present streams, spreading well back on the uplands. Nowa 
depression that would permit a deposit of these silts through- 
out this great extent and at these heights, carries with it the 
presumption of the removal of the ice from the whole north- 
ern region, because the depression is assumed by the hypothesis 
to have been caused by the ice itself, and to have been pro- 
gressively greater to the north, and so, unless an entirely in- 
consistent supposition be interpolated, the northern region 
must be presumed to have been lower than it is to-day. The 
great extent of silts, therefore, in the Mississippi region car- 
ries with it the presumption of complete deglaciation of the 
northern region, if elevation be assumed to be the chief cause 
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of the Ice age. This, it seems to me, holds good under any 
form of the aqueous hypothesis of these silt formations that 
is consistent with the phenomena. If they are attributed to 
wind action, the aridity and the combination of conditions 
necessary for the accumulation of the silts make the presump- 
tion of disappearance of the ice equally great. 

Subsequent to this period, on the theory of elevation, there 
must have been another uplift at the north sufficient to cause 
the ice to readvance to points as far south as the first advance 
in certain regions, and within 300 to 500 miles of the first 
advance in others. 

Now an elevation sufficient to produce glaciation as far south 
as 38°, followed by a depression sufficient to permit silts to 
accumulate 7° north of this, followed by another elevation 
sufficiently great to cause ice to advance to like degrees of 
latitude, in the main, seems to me a sufficient change in the 
great agency of the time and a sufficient orographic movement 
to justify the distinction of separate epochs. So far as I can 
see, nothing less than these extraordinary escillations are suffi- 
cient to explain the phenomena, and to these must be added 
minor oscillations of very considerable moment. For myself 
the phenomena of low altitude deposition seem so great and 
so completely demonstrable as to be fatal to the hypothesis. 
But if not, the very multiplication of overlapping sheets 
and marginal moraines signifying halts and advances, that is 
appealed to in the endeavor to weaken the evidence of two or 
more epochs. bears in precisely the opposite direction when 
the demonstrable conditions of such halts and advances are 
duly taken inte consideration. 

In the matter of the “ fringe,” Professor Wright’s statement, 
“The fact that the oldest part of the glaciated region ‘is not 
bordered by a definite terminal moraine, but ends in an 
attenuated border’ is only another way of stating the fact 
which Lewis and I began to urge upon the attention of the 
public ten years ago during the early part of our investiga- 
tions,” is unwarranted and tends to confusion historically and 
scientifically. The chief questions regarding these phenomena 
were squarely and broadly before scientific readers before 
Professors Lewis and Wright urged their single view of one 
variety of the phenomena. But that is a trivial matter. On 
the contrary, the confounding of tle phenomena designated 
and interpreted as a “fringe” with the phenomena of the 
attenuated border is a serious source of error. The phenom- 
ena are not only not equivalents, but they stand in some 
measure as antitheses. There are four classes of facts to be 
distinguished. 


A 
I 
| 


T. C. Chamberlin— Diversity of the Glacial Period. 185 


1. A drift sheet bordered by a terminal moraine attended by 
scattered drift on its outside formed at the same time as the 
moraine by minor incidental action. This scattered drift may 
not inaptly be called a “fringe.” It is a trivial phenomenon, 
a mere incident of the main action. 

2. A drift sheet that, in contrast with the above, thins out 
gradually to an attenuated edge. A specific example of this, 
described in detail, may be found in the Sixth Annual Rep. U. 
S. Geol. Surv., p. 265. There may be scattered incidental 
drift on the border of this as well as of the moraine. 

3. A bordering tract of scattered bowlders, sometimes reach- 
ing out many miles beyond any continuous drift. The origin 
of this is not certainly known, but it is probably due to tem- 
porary bordering lakes or glacial floods. It is well developed 
at some points in Dakota and Montana. 

4. A bordering tract of scattered pebbles attended by silt. 
This is probably due to glacial waters acting at low gradients 
in conjunction with detached ice, perhaps local, perhaps glacier 
derived. An example of this is described in detail and dis- 
cussed in the paper above cited (p. 271.) 

To confound all these and to merge them under a single 
term is to push science backward. It is especially unfortunate 
to create confusion respecting the vital distinction between a 
moraine-bordered sheet with incidental drift scattered outside, 
and a thin-edged sheet that may be attended by similar scattered 
drift. The scattered bordering drift is trivial in significance 
in either case. This is especially so when the terminal action 
is strong and vigorous, expressing itself in a definite moraine 
and when the outer drainage is free. The attenuated edge, 
as distinguished from the moraine-thickened edge, has a radi- 
cal significance, because it expresses a vital distinction in mode 
of action. If the term “fringe” had been confined to the 
first class of phenomena, and the phenomena discriminated 
with reasonable accuracy, its introduction might prove a con- 
venience. But the attempt to make it asynonym with the 
“attenuated border” which happens to be the form the old 
drift sheets assume, and the failure to distinguish the two 
phenomena has made its introduction most unfortunate and 
renders the propriety of its further use very questionable. 
The more important phenomena outside the Pennsylvania 
terminal moraine to which the term “ fringe” has been applied 
I think has been demonstrated to be the border of an older 
drift sheet, and not at all a “fringe” of the terminal moraine 
with which it has no genetic connection. , 

Turning to the phenomena of the Delaware Valley, it will 
assist to a clear understanding of the question if it be recalled 
that in the original mapping of the drift of the region by the 
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geologists of New Jersey and Pennsylvania, the terminal mo- 
raine which crosses the river at Belvidere, and which may be 
spoken of conveniently as the Belvidere moraine, was repre- 
sented as the boundary of the glacial drift. This was not 
rigidly affirmed by the geologists of New Jersey, and from per- 
sonal statements made to me by Professor Cook at the Paris 
International Geological Congress in 1878, soon after the 
appearance of his report on that region, and from recent state- 
ments of Professor Smock, it appears that a knowledge of some 
drift outside of the Belvidere moraine was possessed by them, 
and that the moraine was regarded as representing only the 
approximate border. Professors Lewis and Wright insisted 
much more rigidly upon the limital character of the moraine ;* 
and Professor Lewis published a paper subsequent to his final 
report on the terminal moraine, in which he attempted to show 
that all the supposed drift outside of the moraine in Pennsy]- 
vania except obvious valley wash was illusive.+ In recent 
years several geologists, notably Professor Salisbury, have 
observed drift on the uplands, extending to a distance of at 
least 25 miles south of the moraine. Rare occurrences of gla- 
ciated bowlders have been found fully 60 miles south of the 
moraine. Professor Salisbury refers a portion of this extra- 
morainiec drift extending in places at least 12 miles beyond the 
moraine, to direct glacial action at a time much antecedent to 
the formation of the Belvidere moraine. Respecting other 
and generally more distant deposits he has reserved opinion. 
It is fair to those geologists who in an early day overlooked 
this outer drift, or failed to see its full meaning, to note that 
in its character and expression it is markedly different from 
the drift of the moraine and from that within it, and that this 
is ample excuse for the oversight at that stage of work. But 
even then it did not escape Professor Smock, although we are 
not aware that he has anywhere published statements concern- 
ing it. The oversight is less pardonable if the truth be, as 
insisted by Professor Wright, that this outer drift is of the 
same age and kind as that of the terminal moraine. 
Notwithstanding his own oversight, Professor Wright insists 
that those who saw at once the essential facts upon their first 
visits failed to see what ordinary competency required. In 
particular, he asserts that Professor Salisbury is in error in 
referring to a glacial origin the deposits at High Bridge and 
Pattenburg, which lie about 12 miles distant from the nearest 
point of the moraine. He claims to be able to demonstrate 
this. One essential part of his demonstration is the assertion 
* Second Geol. Sur. Penn., Rep. Z, p. 45. 


+ On supposed Glaciation in Pennsylvania South of the Terminal Moraine. This 
Journal, Oct. 1884, pp. 276-285. 
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that “There is no foreign material in the cuts, at least, 
Professor A. A. Wright and I could not find any”; (p. 307) 
and a second is that drift from the Medina sandstone is absent 
from these localities, and that its absence is decisive. 

1. The absence of any single lithological element is not 
demonstrative of the absence of drift of glacial origin. Only 
a short distance to the north, the whole group of crystalline 
erratics is reported by Professor White to be absent from a 
large part of Susquehanna and Wayne counties.* No ‘one 
questions the glaciation of that region because of their ab- 
sence. Most experienced glacialists I think must have en- 
countered similar instances of the local absence of a particular 
rock constituent. Such apparent absences over considerable 
areas have been encountered by Mr. Buell in a specially care- 
ful tracing of bowlder trains from the isolated crystalline 
knobs of Wein. and for a time such absence seemed to 


indicate a limitation of that particular kind of drift; but 
further search has shown that beyond this barren area the par- 
ticular erratics reappear and extend onward for considerable 
distances. 

2. It so happens that Mr. Kummel of the New Jersey 
geological survey, without a knowledge that the localities were 
the subjects, or were likely to be the subjects of age ques- 

i 


tion, made collections of rock specimens at both High Bridge 
and Pattenburg, simply with a view to rendering them as com- 
se and representative as possible. Upon request, these col- 
ections have been sent to Chicago and examined, and Professor 
Smock has also kindly given his opinion of them. Referring 
to a group of specimens belonging to the collection, Professor 
Smock expresses the opinion that “they belong to or have 
come from the ledges of Cambrian, Green Pond Mountain 
and Potsdam, in New Jersey and New York. Of course it 
would be possible to duplicate the lot in the Green Pond 
Mountain range in the Kittatinny Mountain series, and in the 
Potsdam.” These all lie at distant points. Among the speci- 
mens are pebbles of sandstone so closely resembling the 
Medina sandstone that only an expert familiar with the special 
character of the formation in New Jersey could give an 
opinion of any value at all. Professor Smock, after a careful 
examination, does not feel justified in giving a positive opinion. 
In the presence of these specimens, the alleged absence stands 
upon a very slender basis. 

The collections contain specimens of om, sandstone of at 
least two distinct types, quartzite, shale of two kinds, and 
chert. These appear to represent certainly five different 


* Sec. Geol. Sur. Penn., G 5, 1880, p. 26. 
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formations. This petrographic variety, taken in connection 
with Prof. Smock’s opinion, seems to be a sufficient answer to 
the claim that there is no foreign material in the cuts. 

As a collateral point, Professor Wright asserts that “ South 
of Musconetcong Mountain stretch the Triassic red shales which 
cover so much of the central part of New Jersey. But in 
this portion of the State, there has been absolutely no trans- 
portation of northern material out upon the Triassic shales, 
showing that no movement here ever passed the Musconetcong 
Mountain ” (pp. 365-6). Drift lying upon the Triassic shales 
is reported to occur at the following points by the following 
observers : 


1, West and N.W. of Pittstown. A. R. Whitson. 
2. Hensfoot. H. B. Kummel. 
3. Pattenburg. R. D. Salisbury, C. E. Peet and H. B, Kummel. 
4, South of White House Station. A. R. Whitson. 
5. North (13 or 2 miles) of Somerville. F. C. Schrader and 


R. D. Salisbury. 


6. New Brunswick. C. E. Peet, R. D. Salisbury. 
7. Liberty Corners, F. C, Schrader, R. D. Salisbury. 
8. Berkley Heights, A. R. Whitson, 8. D. Salisbury. 
9. New Vernon. R. D. Salisbury. 
10. Bernardsville. F. C. Schrader, R. D. Salisbury. 
11. Basking Ridge. R. D. Salisbury, F. C. Schrader. 


It is not affirmed that all these are direct glacier deposits, 
but they are identified as drift and other than obvious valley 
drift. Of these, the Pattenburg and Hensfoot deposits and 
the area near Pittstown lie south of Musconeteong Mountain 
and fall directly within the territory alleged to be barren. 
The remaining localities lie to the east of this, and while they 
do not come within the strict limits of Professor Wright’s 
statement they bear on the general question involved. Of 
these localities, all, or nearly all, lie in such topographical 
situations as to absolutely exclude the interpretation placed 
_ hog High Bridge and Pattenburg deposits by Professor 

right. 

aoe, therefore, that he has based his assumed demon- 
stration, first, upon a general proposition that experience has 
shown to be entirely inadmissible ; secondly, upon the absenee 
of foreign material at High Bridge and Pattenburg when the 
specimens gathered by a young geologist sent there merely to 
make a representative collection embrace a large variety of 
rock specimens unrepresented by formations in the vicinity 
and referred by Professor Smock to distant terranes; and 
thirdly, upon an assertion, in the most positive terms, of the 
absence of drift on the Triassic areas south of Musconetcong 
Mountain, when such drift is found there by other observers. 
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Turning now to the interpretation which Professor Wright 
puts npon the High Bridge and Pattenburg deposits, it is to 
be noted first, that the one occurs upon a spur as shown by 
the New Jersey topographical maps and that to reach higher 
ground a line running along the back of the spur must be fol- 
lowed, rather than one down the maximum slope in the most 
natural line of slide and creep. No height exceeding 460 feet 
above the deposit in question occurs in the neighborhood, 
except such as are separated from it by depression ; and to 
reach even this moderate height, it is necessary to go one mile 
back from the locality. In the other case, heights 500 feet 
above the area in question occur within two miles to the north, 
but they are separated by gentle slopes and a shallow valley. 
The slope on which the deposit lies is composed of Triassic 
rock. These facts bear upon the suggestion of Professor 
Wright that these deposits are due to degradation, slide and 
creep. Bearing more specifically upon that interpretation is 
the fact that in these deposits there are bowlders and pebbles 
of rock not now in the adjacent ridges, and these are polished 
and scratched in a manner precisely similar in every respect to 
the well-knowr polishings and scratchings of glaciated pebbles. 
One or two in the collection of Mr. Kummel take rank among 
the best examples of typical glaciation; and if they were 
passed through the hands of a hundred glacialists of the 
greatest experience, not one could be expected to hesitate for 
a moment to refer them to glacial action. Nothing at all 
closely simulating them has ever been reported as the demon- 
strable work of either land slide or creep. Furthermore, the 
deposits in question are in part distinctly stratified, a feature 
foreign to the products of landslide and creep. The deposit 
at High Bridge is about 30 feet in maximum thickness, and 
that at Pattenburg scarcely less. 

To refer to creep or landslide deposits having these con- 
siderable thicknesses, containing derivatives from five forma- 
tions, embracing nine recognizably different varieties of rock, 
a part of the deposits being stratified, and containing in both 
localities scratched stones, the glacial origin of which no gla- 
cialist would ever independently question, is most extraordi- 
nary in what claims to be a demonstration of an illusion on 
the part of one of our best trained and most critical observers. 

As another proof of alleged error on the part of Professor 
Salisbury, Professor Wright says, p. 864: “The extensive 
oxidation spoken of by Professor Salisbury in the quotation 
made from his recent reports on the glacial deposits of New 
Jersey is clearly of preglacial origin.” That extensive oxida- 
tion affected the old surface material that became a part of the 
old drift, here as elsewhere, goes without saying. In a profes- 
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sional discussion of the character of the drift, it is as much 
presumed that this factor has been eliminated as, in the discus- 
sion of an astronomical question, it is presumed that the error 
of refraction has been eliminated. To discourse upon the 
existence of such previously oxidized material, in a serious 
paper written for professional glacialists, at this date, has an 
archaic flavor. To presume that Professor Salisbury, who has 
done some of the most critical work that has ever been done 
upon residuary products and their contributions to the older 
drift, overlooked this factor in the study of the Delaware 
region, is a reflection upon the critic, rather than upon the 
work he criticised. I have discussed with Professor Salisbury 
upon the ground the # sigh scm factor in the sum total of oxi- 
dation presented. o presume that a geologist cannot dis- 
tinguish whether the aging of a pebble took place before or 
after it became a pebble, is to suppose that this department of 
geology is yet in a primitive condition. To assume that there 
are no criteria for distinguishing pre-glacial oxidation from 
post-depositional oxidation and to fail to see the applicability of 
those criteria to the region under discussion, and make use of 
them, is to condemn the whole work of whomsoever makes the 
assumption; for the evidence of post-depositional oxidation, 
weathering, degradation and aging in its several forms, is so 
perfectly clear and so completely demonstrative, that it should 
not fail to impress itself upon any observer who has evena 
moderate command of the discriminations which such a study 
necessarily involves. If any critical student will examine the 
terminal moraine and the drift north of it, and the gravel train 
that leads from the moraine’s outer edge down through the 
porge of the Delaware, on the one side, and will examine the 

igher terraces and their fluvial deposits and the drift scat- 
tered over the highlands, on the other, he will find clear and 
abundant evidence that the one is relatively young and fresh, 
and that the other is markedly old and that the two deposits 
cannot, by any rational interpretation, be made contempora- 
neous. 

That Professor Wright is in radical error, respecting the 
deposits of the Delaware Valley, is evident from the self-con- 
tradictory nature of his own interpretations. He refers the 
slack drainage deposits along the Delaware (Philadelphia 
Brick-clays, NeGee's Columbia) to the Champlain depression.* 
But he admits, what is incontestable, that after this epoch of 
slack drainage deposition there was an elevation during which 
were deposited the Trenton gravels, which he refers to a 
“time when the ice had melted far back towards the head 


* See this Journal, Nov. No., pp. 358, 366, 370, 371 and 372. See also, ‘ Man 
and the Glacial Epoch,” pp. 254-261; also, “Ice Age of N. A.,” pp. 522-527. 
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waters of the Delaware, and after the land had nearly resumed 
its present relations of level, if indeed, it had not risen north- 
ward to a still greater height.”* Now it is incontestable that 
it was after the ice had retired from the head waters of the 
Delaware, that the depression occurred during which the 
marine deposits of Montreal and the Champlain region were 
laid down. Professor Wright also states that between the 
deposit of the Philadelphia brick-clay and that of the Trenton 
gravel, there was a “long interval.”+ We, therefore, have 
Professor Wright referring to the Champlain depression 
deposits that were laid down long anterior to the Trenton 
gravels, which, in turn, were deposited at a time of elevation 
which, in its turn, was demonstrably early than the Cham- 
plain deposits. To refer the slackwater deposits of the Dela- 
ware and the marine deposits of the Champlain Valley to the 
same depression, and yet put between them a “ long interval ” 
and a period of elevation, is a characteristic instance of the 
self-destructive interpretations to which the old doctrine of 
unity naturally invites. 

Besides the evident error of confounding two depressions, 
separated from each other by the acknowledged interval occu- 
pied in the erosion of the gorge of the Delaware and by the 
intervention of an elevation comparable to the present, there 
is a specific error in Professor Wright’s correlations. He 
makes the well-known gravel terrace at Trenton the correla- 
tive of a terrace of less than half its height at Yardville, a few 
miles above, overlooking the fact that terraces of the same 
nature and gradually rising altitudes occur at short intervals 
all the way from ‘T'renton to the Belvidere moraine. There 
they join the moraine in the characteristic fashion of moraine- 
headed terraces with which students of the high-gradient 
terminal moraines have become familiar. That this connec- 
tion is clear and demonstrative is the judgment of at least 
five geologists who have studied the formations. 

It 1s altogether probable that a complete analysis of the 
drift formations of the Delaware will develop some additional 
factors, and possibly extend its history, but the following feat- 
ures I think may be accepted as demonstrative : 

1. That there was an earlier invasion of the ice which 
reached at least a dozen miles south of the Belvidere moraine. 
For present purposes it does not matter at all whether it in- 
cluded the High Bridge and Pattenburg deposits or not, nor 
whether the more distant drift is glacial or glacio-natant. 

2. That there is an older fluvial deposit (the Philadelphia 
brick-clay) which is likewise much older than the Belvidere 


*“ Man and the Glacial Period,” p. 261. 
+ ‘“* Man and the Glacial Period,” p. 257. 
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moraine and which for the present is to be associated in age 
with the old glacial drift, though the two may not prove, upon 
further exainination, to be strictly contemporaneous. 

3. That after the formation of this older river deposit, . 
which took place at a low altitude and low gradient, there was 
an epoch of elevation and of erosion, during which the Dela- 
ware cut its channel down to the depth of 200 to 300 feet 
below the upper old terrace. 

4, That there followed a second incursion of ice which 
formed the Belvidere moraine, the over-wash of which ran 
down into this previously formed gorge and filled it up toa 
height of about 100 feet in the immediate vicinity of the 
moraine, and to progressively less and less heights farther 
down stream until at Trenton the height had declined to about 
40 feet. 

If Professor Wright were correct in his correlation of the 
terrace at Trenton, it would not affect, in any essential degree, 
the history here given, because the other terrace’ within the 
gorge above, some of them in the immediate vicinity of the 
moraine and in immediate connection with it, constitute the 
essential part of the evidence. I do not think that any geolo- 
gist, at all expert in these lines, can entertain any doubt as to 
contemporaneity of these terraces with the moraine, or that 
the gorge was formed antecedent to the moraine, or that the 
higher terraces, capped with the old gravels and clays, were 
formed earlier than the gorge; and I am surprised that any- 
one professing familiarity with drift phenomena, should ques- 
tion the markedly superior age of the old drift. 

The phenomena on the Delaware, therefore, taken in con- 
nection with those of the St. Lawrence and Champlain Val- 
leys, seem to admit of no rational interpretation that does not 
involve two depressions and an intermediate stage of eleva- 
tion. The duration of the elevation has as its minimum 
measure the cutting of the river gorge and the high-gradient 

laciation beginning with the Belvidere moraine and embrac- 
ing severa] subsequent episodes of undetermined length. I 
conceive that there may be differences of judgment as to how 
much divisional value such orographic stages and such alterna- 
tions of action and such evidences of aging may be entitled to; 
but that here are tangible divisions of the glacial history of the 
region that are of fundamental importance in the interpreta- 
of the deposits and in the determination of the glacial rela- 
tions of supposed art relics, does not seem to me to admit of 
question. 

The phenomena on the Susquehanna are, so far as known, 
very closely similar to those upon the Delaware, but they have 
been much less fully worked out and may be passed over. 
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The phenomena upon the Allegheny, Upper Ohio and adja- 
cent rivers, seem to me to be in precise harmony with those 
of the Delaware. Before discussing them, however, 1 need 
perhaps to say a word respecting Professor Wright’s hypothesis 
regarding the effects of a supposed glacial dam at Cincinnati 
which, in his view, destroys the force of the data upon which 
I postulate an interval of deep river erosion between the earlier 
and later glacial invasions. 

In the first place it should be noted that, although nearly a 
decade has passed since the hypothesis was advanced, no out- 
let for the great hypothetical lake has been found, though 
it has been called for as the necessary credential of such an 
hypothesis. Such an outlet must, in the nature of the case, be 
a marked phenomenon. 

It is to be noted, in the second place, that the decisive facts 
brought out by Mr. Leverett with reference to the white silts 
which spread over the drift north of the Ohio throughout the 
whole reach of the supposed dam,- destroy one of the chief 
arguments for the hypothetical lake above the supposed ice 
dam, and this holds true when the dam is given the greatest 
extension assigned it by Professor Wright. It will be borne 
in mind that Professor Wright appeals to the silts of Beech 
Flats as evidence of a lake caused by the dam. Mr. Leverett 
has shown that these are but a part of an extensive sheet 
stretching westward over the very area occupied by the ice 
supposed to have formed the dam, reaching even to and be- 
yond its western border, covering wide areas in southwestern 
Ohio, northern Kentucky and southeastern Indiana. Mr. 
Leverett’s language is clear and covers the whole ground; it 
is as follows: 

“ Not only are the clays of these two localities [Beech Flats, 
Pike county and the till area, Highland county, Ohio] “ simi- 
lar in macroscopic and microscopic aspect, but they form a 
practically continuous sheet extending from the Beech Flats 
and adjoining lowlands outside Wright’s glacial boundary west- 
ward onto the glaciated districts of southwestern Ohio, north- 
ern Kentucky and southeastern Indiana, occupying the site of 
the hypothetical Cincinnati ice-dam and showing as strong 
development below (west of) the site of the supposed dam as 
they do above it. The fact that these clays cover a part of the 
glaciated district proves that their deposition occurred subse- 

uent to the time of maximum glaciation, and their distribu- 
tion shows that the ice-sheet nowhere reached the Obio river 
while they were being. deposited. It is evident, therefore, 
that their deposition cannot be attributed to an ice-dam on the 
Ohio at Cincinnati or any point below.”* : 


* Am. Geol., vol. x, July, 1892, p. 21. 
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Prof. Wright strives to elude the force of this by the 
following statement : 

“Mr. Tveutt in particular has attempted to correlate some 
of the clay and less deposits in southeastern Indiana, with 
deposits of similar character in Illinois, attributing both to 
the earlier Glacial period during its slackened drainage. But 
he does not seem to have duly considered the facts which I 
have presented making probable an obstruction of the channel 
of the Ohio near Madison, Indiana, in Jefferson and Ripley 
counties which might well account for the facts in that part of 
the State most like those in southern Ohio. (See Bull. U. S. 
Geol. Surv., 58, pp. 65, 66.) Something more than similar 
microscopical results must be relied on to demonstrate chrono- 
logival identity of deposits.”* 

In Prof. Wright’s own language, “ A theory driven to such 
— cannot be said to be altogether free from diffi- 
culty. 

Prof Wright thus explains the discovery of these Beech 
Flat silts: “ So confident have I become in the reality of this 
dam that I have not hesitated to use it as a means of putting 
myself in the line of discovering other facts which are the 
natural consequence of this. Many of the facts enumerated 
in this paper (as, for example, those connected with the head- 
waters of Brush Creek) were thus discovered. It was reasoned 
that they must exist from the nature of the supposition ; 
and upon examination in proper localities it was found that 
they did exist according to previous calculation. I need not 
say that such experience is the most convincing proof of a 
theory.” 

The succession of deposits even in this region on which 
such large conclusions have been staked, and which I therefore 
touch incidentally, is very significant. There is here (1) a till 
sheet with an attenuated edge reaching across the Ohio into 
Kentucky for a few miles, (2) an interval of deglaciation indi- 
cated by a soil horizon at the surface of this sheet, (3) a silt 
deposit overlying this and indicating a period of slack or still- 
water depdsition, and (4) a till sheet edged by a terminal 
moraine, from the outer side of which there was free vigor- 
ous drainage, as shown by moraine-headed terraces of gravel. 
At two localities these silts have been seen beneath this later 
drift, and there is much indirect confirmatory evidence of this 
relation. These facts indicate an interval between the two 
during which occurred the change from conditions of silt 


* This Journal, Nov., 1892, pp. 369-370. 

+ Ibid., p. 371. Where this sentence is used by Prof. Wright it has no pertinency 
whatever, as Mr. Leverett’s suggested hypothesis to account for the unusual depths 
of the rock channels near the border of the drift stands wholly by itself. 

¢ Bulletin 58, U. S. Geol. Surv., p. 101. 
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deposition over the country generally to conditions of free 
drainage pouring down through valleys cut to considerable 
depths below the silt horizon (Leverett). 

n this region, therefore, between the border of the drift 
and the outermost moraine there is decisive evidence of a till- 
depositing period, an interval of soil formation, a silt-deposit- 
ing period, an interval of radical drainage-change and a 
moraine-producing advance of the ice. This is a very different 
collocation of formations from that which seems to be implied 
by Prof. Wright’s language (pp. 353-356 and 357). It is very 
far from being a simple moraine-and-“ fringe ” combination. 

In Eastern Ohio and Western Pennsylvania the outer mo- 
raine runs much nearer the attenuated border of the old drift 
and the intervening silts are obscure or absent, or confined to 
the remnants of the old base levels, so that it is not so surpris- 
ing that the vanishing edge of the old drift should here be 
mistaken for a dependency of the outer terminal moraine, but 
that the relationship is really the same as it is demonstrably to 
the westward, I hold to now be beyond serious question. 

These points bear upon the explanation of the glacial gravels 
that lie upon the high terraces in the Allegheny and adjacent 
valleys. hese terraces I have maintained (Bulletin 58, U.S. 
Geol. Surv., pp. 20-38) were produced at a time of base level 
degradation, which in its later stages was contemporaneous 
with the earlier ice incursion whose waters bore gravels down 
the Allegheny, Upper Ohio and some adjacent streams, and 
formed the 40 or 50 feet of capping which lies upon the rock 
benches that constitute the body of the terraces. I have 
argued that subsequent to this the land was elevated and the 
lower newer steep-sided gorges of the Allegheny and neigh- 
boring streams were cut to a depth that may be roundly stated 
as 250 feet, and that subsequent to this the later ice incursion 
formed the outer moraine of the region. From the outer side 
of this moraine glacial streams bore their sands and gravels 
down the Allegheny gorge cut during the interglacial inter- 
val.. The evidence of this, gathered in a joint study by Mr. 
Gilbert and myself, may be found in Bulletin 58, U. 8. Geol. 
Surv., pp. 32-36. I therefore argue that between the time 
when the glacial gravels were deposited on the high terraces 
and the incursion of the later ice there was a cutting of the 
gorge to the depth of 250 feet roundly speaking. I sj 
this gorge-cutting as a minimum measure of the interval be- 
tween the two ice incursions. Prof. Wright does not admit 
the force of this evidence because he interprets the occurrence 
of the glacial gravels on the high terraces as the work of ice 
floating from the edge of the glacier on the surface of the 
hypothetical lake formed by the supposed Cincinnati ice dam. 
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He now admits, what I have not understood him to do before, 
that the terraces, so far as they are rock, are due to base-level- 
ing, but that the glacial gravels deposited upon them are due 
to floating ice. To the latter part of this view, there seem to 
me to be two fatal objections. In the first place, I think it is 
entirely foreign to observation, as well as to a priori considera- 
tions, to suppose that floating ice would produce, in the aban- 
doned bends of old rivers surrounded by hills, and upon rem- 
nant shelves along the sides of the valley, fine stratified 
gravels bearing every aspect of river deposits. Under the 
conditions postulated a very different class of deposits should 
be formed. Besides, the deposit should have been practically 
uniform over the whole bottom of the supposed lake, and not 
simply confined to the old terraces. In the second place, 
these terraces rise in altitude toward the headwaters of the 
river until some of them are considerably higher than the sup. 
posed ice dam, notably those at Warren, Tidioute and Oil 
City, which are respectively 1395, 1390 and 1270 feet above 
tide, while the height assigned for the dam is 1000 or 1100 
feet. (See Bulletin 58, U. S. Geol. Surv., p. 27.) Aside 
from these definite and tangible factors, the whole aspect, 
association and relationship of these formations make them 
rd deposits and exclude them from the distinctive lacustrine 
class. 

In admitting to his hypothesis the factor of base-leveling, 
Prof. Wright has relinquished the last remnant of occasion 
for postulating his ice dam, for all of the phenomena ap- 
pealed to are the natural incidents of base-leveling. Stretches 
of slack water, which are inevitable when a river reaches the 
base-level stage and begins to build up its bed, furnish deposits 
indistinguishable from those of lakes; indeed lakes form in 
the abandoned channels of the stream. So also base-leveling 
and the resilience from it involve the transfer of the position 
of low divides which lie near the upper limit of the base plain, 
the transfer being from the side of the shorter or easier course 
toward the longer or more obstructed course. The trans- 
ferred divide is carried into the bottoms of the stream whose 
territory is invaded, so that its former flood plain deposits be- 
come the new divide; and hence the phenomena of slack 
water deposits on some of the present divides become, under 
the hypothesis of base-leveling, precisely what is to be ex- 
pected. These may occur at altitudes greater than the base 
plain of the main river. These and codrdinate methods of 
action cover all the phenomena for the explanation of which 
the supposed ice dam was brought into requisition. 

Being left thus without a raison d’etre, being robbed of all 
support from the Beech Flat silts, and being entirely without 
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the necessary support of a recognizable outlet, the hypothetical 
lake may well be dismissed from the literature of the subject. 
The whole phenomena fall into perfect consonance with the 
phenomena of the Delaware and Susquehanna. 

As one of the strong, and as it seems to me, unanswerable 
arguments in favor of a considerable interval between an 
earlier and a later drift formation, I appeal to the cutting of 
the Delaware gorge 200 feet or more, wae was demonstrably 
later than the high terraces bearing glacial silts and gravels 
and demonstrably earlier than the Belvidere moraine from 
which a gravel stream was poured down into the gorge cut 
during the interglacial beard I make a like appeal to a sim- 
ilar class of phenomena on the Susquehanna, and I repeat the 
appeal in respect to the precisely analogous phenomena of the 
Allegheny and other tributaries of the Upper Ohio, and the 
upper part of the river itself. I make a similar appeal to the 
erosion of the lower Mississippi valley and several of its 
branches, the erosion here however sustaining a different rela- 
tion to the old erosion plane. Doubtless the appeal could be 
made to all branches if the import of the phenomena were 
equally clear in all cases, or had been equally studied. The 
form which the valley erosion took and the material eroded 
varied with the antecedent and concurrent conditions which 
were not the same in all valleys, nor the same in all parts of 
the same valley, but a correspondent erosion occurs on all 
branches that have been carefully studied so far as I am in- 
formed. All this class of phenomena repeating itself over and 
over from the Atlantic to the western plains, carries a force 
from which I think there will be found no escape when the 
phenomena are critically and judicially investigated. 

But the case does not rest upon the interglacial cutting of 
these river channels alone. It is supported by concurrent 
erosion over the whole surface of the old drift. If there were 
any error in the interpretation of the river channels it would 
be shown in the facies of the old drift. But its topography 
shows an amount and kind of erosion that indicates similar 
antiquity. The phenomena are so wide spread that special 
enumeration is wholly impracticable. Ina paper on the Drift- 
less Area, Prof. Salisbury and myself attempted a careful 
description of a part of these erosion features and drew a com- 
parison between them and those of the new drift. There, it is 
to be noted, the two borders were subject to the same condi- 
tions save that of age. 

One of the best fields for a comparison between the fresh 
little-eroded topography of the later drift and the much-eroded 
topography of the earlier drift, is found on the borders of the 
tongue of the later drift which terminates at the capital of 
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Iowa. The surface within the moraine loop has suffered very 
slight erosion, except in the vicinity of the streams. Even the 
channelings of these are sharp-sided and ditch-like. Over the 
surface shallow sags, without outlet, occur in extraordinary 
abundance. They are to be numbered rather by tens of thou- 
sands than by thousands. On the old drift outside of the loop 
an erosion surface of pronounced type is presented. A com- 
plete erosion topography has been developed and has sunk 
itself deeply below the original surface. To appreciate this 
contrast let any one make a circuit of one hundred miles north 
from Des Moines upon the later drift, and he will find, 
throughout, indisputable evidence of freshness and recency. 
Let him then make a similar circuit of one hundred miles west, 
south and east on the area of the old drift and he will find a 
rolling surface with undulations reaching up to 80 feet and 
more of perfectly characteristic dendritic erosion topography, 
and upon examination of the stratified portions of the drift he 


will readily be convinced, if a topographic geologist, that this 
erosion supervened upon the formation of the drift. On the 
summits of this rolling land he will find the less-like silts that 
cover so much of the earlier drift. Modern topographic sci- 
ence goes for naught, if evidences of this kind do not signify a 


prolonged interval between the deposit out of which such an 
erosion surface has been carved, and the immediately adjacent 
deposit upon which so little carving has been done. 

o this combination of general erosion and of channel cut- 
ting, there are to be added evidences of like import from oxi- 
dation, ferrugination, decomposition and other characteristic 
forms of weathering. These, in the hands of an expert com- 
petent to eliminate preglacial and englacial factors, bear testi- 
mony of great value. The value is certainly almost wholly 
dependent upon the circumspection, skill and conscientious- 
ness with which the criteria are applied, but the value is 
none the less real. When these evidences are found, as in 
this case, concurrent with general surface erosion and with the 
special erosion of river gorges, the combination has a value 
much beyond either factor alone. When to this is added the 
fact that the drift sheets most eroded and most oxidized, are 
those which were deposited at low-gradients and without ero- 
sion advantages at the start, and that in general, they lie in 
regions that are now lower than the less eroded drift of later 
date, the case is still further strengthened. When, to the 
combination, there is also added the fact that the deposition of 
this low-gradient, now much-eroded, much-weathered deposit, 
was separated from that of the fresher, little-eroded sheet by 
an elevation of the surface and an increase of slope which gave 
a markedly more vigorous drainage, and the still further fact 
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that the interval is emphasized by notable vegetable accumu- 
lations, and supported by the strong analogy of the Great Basin 
phenomena, the whole combination takes on a strength which 
seems to me altogether irresistible. 

While the evidence from plant and animal remains found 
in the interglacial beds in America has not yet reached a full- 
ness and definiteness which render it altogether decisive regard- 
ing the climate of the interglacial intervals, though it indicates 
something less than a glacial climate, the evidence of this class 
in Europe, a summary of which is given by Dr. Geikie in the 
paper already referred to, appears to me entirely decisive, 
unless the integrity of the observations can be overthrown. 
The demonstration of a climate in Northern Europe, compar- 
able to the present, seems to carry with it the necessary con- 
clusion that glacial conditions were essentially as remote then 
as now. It seems to me idle to cite the fact that temperate 
faunas and floras now exist in the vicinity of glaciers within 
the temperate zone, for these are mere local phenomena and 
do not stand related to the general climate of the region, as the 
great ice sheets of glacial times must have done. The fossil 
evidence of the acknowledged glacial epoch shows Arctic con- 
ditions. On the same basis of reasoning, a temperate fauna 
and flora show the absence of glacial conditions. 

When, therefore, to the strong cumulative physical evidence 
in America and the similar physical evidence in Europe, there 
is added the array of organic evidence that has now grown 
large, it seems to me the case approaches demonstration, so far 
as the general fact of a great interval or intervals is concerned. 
To fail to accept this, at least as a working classificatory basis, 
is to do violence to the highest interests of science. 

The history of this question I apprehend, will be very analo- 

ous to that of paleontological research. In the earlier stage, 
investigators were satisfied with very general delineation and 
rude groupings of forms. But, with the progress of the sci- 
ence, more and more critical scrutiny of likenesses and differ- 
ences was found requisite, and closer and closer specific and 
varietal distinctions were drawn. This tendency at length 
became excessive and the multiplicity of divisions was pushed 
beyond the actual phenomena. The enlargement of collec- 
tions then began to bring together many species by inter-gra- 
dations, and the elimination of false species resulted. But yet 
certain species stand clearly differentiated from all other species 
and unquestionably will continue to stand. The gaps between 
them can only be filled by tracing them far back in geological 
time. SoI think it may be with the divisional effort in the 
glacial field. We are very likely to push differentiation to 
excess in the stage we are now approaching, and to recognize 
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for a time, episodes of glaciation that are not widely sep- 
arated from their neighboring episodes. But this will be 
wholesome for the time, just as species-making was. It is, in 
deed, almost necessary to the ultimate end sought to make 
the sharpest possible discriminations, even if they result in 
excessive divisions which shall last only until such time as they 
may be brought together by interstitial formations. 

Although not fully placed before the public, at least four 
divisions of the drift south of the Great Lakes are now being 
employed as working hypotheses and are gaining strength 
under the tests of the field. The interval I have chiefly dis- 
cussed in this paper is the middle one. I have regarded it as 
the most important one, possibly the only one that will ulti- 
mately stand as possessing an epochal value, but I am in sym- 
pathy with the movement led by Dr. Geikie, because it will 
develop a more precise delineation of the history of glaciation. 
If the terminal moraines of Ontario have much divisional im- 
portance, they will make the present working classification of 
of this country closely analogous to that advanced by the dis- 
tinguished Scotch glacialist. 

t is the present judgment of the majority of critical work- 
ers in both the American and European field, that amid all 
future tests two or more of these divisions at least will stand 
as well sanctioned epochs, to whatever grade others may be 
relegated by the fuller knowledge of the future. 


Art. XXIV.—The Specific Heat of Liquid Ammonia; by 
C. LuDEKING and J. E. STARR. 


THE specific heat of liquid ammonia, though it has often 
been the subject of calculation in development of theory 
and practice, has not yet been satisfactorily determined experi- 
mentally, if we except the work of Regnault. His results, 
however, were unfortunately lost during the Paris Commune. 
He assumed the specific heat to be 0°799. Since then the 
interest in this constant has very considerably increased 
through the rapid development of the artificial ice industry. 
Generally the specific heat has been taken at unity. Thus 
DeVolson Wood in his “ Thermodynamics,” page 337, recom- 
mends this value “ until the experimental value is determined.” 

It was our good fortune to have ready access to all the 
means necessary for executing the somewhat laborious experi- 
ments involved and we take this opportunity to present briefly 
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the results of our work. The liquid ammonia used in the 
experiments was found on examination to contain 0°3 per cent 
of moisture and on spontaneous evaporation to leave only a 
trace of residue. The impurities were therefore of no conse- 
quence in influencing the result to the limit of accuracy 
intended. 

Of this liquid ammonia 10°01 grams were introduced into a 
small steel cylinder of 16°122° capacity, stoppered by a steel 
screw. The mode of filling was quite simple. After cool- 
ing the cylinder in a bath of the liquid ammonia itself and 
while still immersed it was possible to pour it brimful by 
means of a beaker. The steel screw stopper, also previously 
cooled, was then inserted and drawn almost tight. On then 
removing the cylinder from the cooling bath the liquid con- 
tents gradually expanded and escaped in quantity proportional 
thereto and besides a very small vapor space was allowed to 
form as is indicated in the experimental data. Then the stop- 
per was driven tight. Thus the error in the result, due to the 
latent heat of condensation of vapor of ammonia in the 
course of the experiments was reduced to a minimum and 
rendered, as will be seen, almost inappreciable in its influence. 

The cylinder was perfectly free from leakage and remained 
constant in weight during each series of determinations. It 
was suspended in the drum of a Regnault apparatus heated by 
the vapor of carbon disulphide. The entire mode of pro- 
cedure was in all details that commonly used in the Regnault 
method. After the cylinder had been heated for about six 
hours it was dropped into a brass calorimeter whose water 
value was 1°36 cal. and which contained 150 grams of water. 
In each experiment it required very nearly two minutes to 
raise the calorimeter to its maximum temperature. The influ- 
ence of loss by radiation was reduced to a minimum by the 
Rumford manipulation. The thermometers used were stan- 
dardized, carefully compared and read to hundredths of a 
degree by means of a magnifying lens. The experiments 
were conducted sufficiently far from the critical temperature, 
which, according to Vincent and Chappuis is 131° C. 

The following are the data of Experiment 1: 


Weight of steel cylinder and ammonia 81-008 grams. 
Weight of steel cylinder 


Weight of ammonia 


The specific gravity of liquid ammonia being 0°656, the 
volume of 10-01 grams is 15-26% 
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Total water value of calorimeter, thermometer 

Water value of steel cylinder 

Temperature of air 

Temperature of steel cylinder.........--.- 


Temperature of calorimeter after immersion, 26°°69 C. 
Calorimeter before immersion 24°44 C, 


Rise in temperature 


Thus 341-46 cal. were given off by the cylinder in cooling 
19°°82 or 17°23 cal. for one degree. Of this 8°34 cal. are due 
to the steel cylinder itself, leaving &°89 cal. for 10°01 grams of 
liquid ammonia or 0°888 per gram = specific heat. In a sec- 
ond and third experiment the values 0°897 and 0°896 were 
obtained. The determination of the specific heat of liquid 
ammonia would be influenced, as stated, by the latent heat of 
condensation of part of the small quantity of vapor present, 
when the cylinder cools in the calorimeter. This would toa 
degree be neutralized by the contraction of the liquid ammonia 
itself in the cooling and the consequent formation of more 
vapor space. 

t seemed desirable to ascertain the influence of these factors 


collectively by experiment. For this purpose specific heat 
determinations were made in a way somewhat different from 
the ordinary. The steel cylinder was cooled in an iron shell 
in melting ice, instead of being heated, and then introduced 
into the warm calorimeter water. The mode of procedure 
was in detail similar to that described above and we will there- 
fore only give our results. In three — the values 


0°878, 0°863, and 0°892 were obtained. ‘They are a trifle lower 
in their average than the results obtained by the ordinary 
method. It is reasonable to assume that they are somewhat 
low, while as stated the other results are presumably some- 
what high and in order to arrive at the specific heat of this 
substance nearest the true value from our experimental evi- 
dence, we will take the average of our six values, viz: 


0°888 0°878 
0°897 } 1st series, 0°863 } 2d series. 
0°896 0°892 


and state it as being = 0.8857. 

We beg herewith to acknowledge our obligations to Chan- 
cellor W. S. Chaplin and Prof. Wm. B. Potter for kindly 
placing the laboratories under their charges at our disposal. 

Cove Mills, Stamford, Cunn. 


| - --------------------- 2°25 6. 


N. H. Darton—Oneonta and Chemung Formations, etc. 203 


Art. XXV.—The stratigraphic relations of the Oneonta and 
Chemung formations in eastern Central New York; by 
N. H. Darton, U. 8. Geological Survey. 


Introductory.—This paper is a condensed account of a recent 
investigation in upper Devonian stratigraphy, made for the 
State of New York for the new geological map. Dr. James 
Hall made some statements regarding the general bearing of 
the results at the Rochester meeting of the Geological Survey 
of America, and a detailed report with map will finally be 
published in the report of the State Geologist of New York. 

The principal purpose of the investigation was to determine 
the relations and distribution of the Oneonta and Chemun 
formations in their extension from Delaware county Aeon 
the Catskill Mountains, but some study was also given to their 
relations in Chemung and Broome counties. 

In its typical development in Otsego county, the Oneonta 
formation comprises a thick mass of red shales and red and 
gray sandstones similar in character to the rocks of the Catskill 

ountains and overlying the Chemung formation in southern 
New York and northern Pennsylvania. The formation was 
given its name by Vanuxem who supposed that it was equiva- 
lent to the Catskill formation and above the Chemung forma- 
tion. The organic remains in the Oneonta beds were few and 
consist of plant remains common to the Catskill rocks and a 
fresh or brackish water form now known as Amphigenia. 
Later studies by James Hall and others led to the discovery of 
an overlying series of shales and sandstones containing Che- 
mung fossils at several localities southwest of Oneonta, and it 
was found that the fauna of the underlying beds was Hamil- 
ton in age. These discoveries indicated that the Oneonta for- 
mation represented approximately the eastern extension of the 
Portage formation, considerably modified in character but well 
defined in stratigraphic position. Nothing however was deter- 
mined as to the eastward extension of the Oneonta beds and 
overlying Chemung along the northern and eastern side of the 
Catskill Mountains and Mather’s statements in his report were 
too vague to throw light on the problem. The great mass of 
gray sandstone with red shales constituting the Catskill Moun- 
tains were designated Catskill by Mather and the mass was 
supposed to be underlain in eastern New York by an obscure, 
attenuated representative of the Chemung and under which 
in turn were recognized the “ Portage” and the Hamilton 
formations. 
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Fig. 1.—Horizontal scale, 1 inch 


I began my studies at Oneonta and 
measured an instrumental section south- 
ward past Franklin. From this I worked 
eastward to the eastern front of the Cats- 
kill, and westward to the latitude of 
Binghamton. 

General results. — The accompanying 
sections are intended to illustrate the 
general relations : 

Fig. 1.—Section from central Broome 
County, eastward through the Catskill 
Mountains nearly to Catskill. 

It may be seen in these sections that 
the Oneonta formation continues east- 
ward with gradually increasing thickness 
and comprises the lower thousand feet of 
beds in the Catskill Mountains, Its 
characteristics are unchanged and its 
limits are distinct through- 
out. Westward its red beds gradually 
merge into the thin-bedded sandstone 
and hard dark shales of the Portage and 
disappear entirely between Norwich and 
Cortland; the red material extending 
farthest west in the highest beds. 

The thin series of gray shales and fine- 
grained sandstones, with Chemung fos- 
sils, overlying the Oneonta formation 
about Franklin, southwest of Oneonta, 
are the basal beds of the great mass of 
fine grained sediments which constitute 
the Chemung formation in southwestern 
New York. They are overlain by seve- 
ral thousand feet of hard, coarse, cross- 
bedded gray sandstones with intercalated 
red shales and gray flags into which they 
merge eastward and at the expense of 
which they expand westward. This 
merging was studied with great care and 
it was found that stratigraphic continuity 
throughout is beyond question. There 
is no overlap or wedging out of the beds 
either as a whole or singly but a gradual 
transition of coarse materials into fine 
materials. Lower and lower shaly beds 
are successively involved eastward until 


at a point about due south of Oneonta 
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the lowest beds of shale finally merge into hard, coarse-grained, 
cross-bedded gray sandstones which then extend eastward 
through the Catskill Mountain immediately above the Oneonta 
formation. Westward the shales with Chemung fossils attain 
a thickness of about six hundred feet near Susquehanna, bed 
after bed of sandstone becoming finer grained and finall 
merging into shale of soft fine grained sandstone. This 
change of character continues to ascend in horizon westward 
through southern central New York and northern Pennsyl- 
vania, until according to Sherwood,* Chemung fossils are 
found within one hundred and fifty feet of the base of the 
Lower Carboniferous, nearly a thousand feet above the begin- 
ning of red beds in that region. 
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Fig. 2.—A, section through Susquehanna; B, through Oneonta and Franklin ; 
C, Schoharie Creek; D, West of Palenville (C, D, Catskill Mts.). 5 
Seale, 2,000 feet to the inch. 


Fig. 2.—Columnar sections at intervals along the same line 
as the section in figure 1, to illustrate the prominent variations 
in stratigraphy. 

From these statements it is evident that the great mass of 
coarse sandstones with red shale intercalations in the Catskill 
Mountains gradually changes westward into fine grained sedi- 
ments with Chemung fossils, the change beginning in the 
basal beds just above the Oneonta formation in northern cen- 
tral Delaware County. The Oneonta formation is character- 


*2d Geological Survey of Penn.; Report on Bradford and Tioga Counties, G. 
Harrisburg, 1878. 
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ized by a greater proportion of red shales than are contained 

in the great overlying series eastward, but both are closely 

related in their general history. The Oneonta beds preserve 

their character for a few miles farther west than do the basal 

a of the overlying series, but finally merge into typical 
ortage. 

The Hamilton group (Marcellus to Hamilton) also change in 
character eastward similarly becoming coarse-grained and 
finally flaggy nearly to its base. 

The outcrop area of the typical Oneonta formation is a wide 
belt extending through eastern Chenango, southern Otsego, 
northern Delaware, southern Schoharie and eastern Greene 
counties. Its greatest width is on the latitude of Otsego 
where the belt is about fifteen miles wide. In Delaware 
county it averages from six to ten miles wide and its beds are 
everywhere finely exposed. On Schoharie Creek it begins at 
the Manorkill Falls and extends about twelve miles southward, 
It extends far north about the headwaters of the Catskill and 
then southeastward in a narrowed belt along the steep slope of 
the high northern and eastern front of the Catskills by Cairo 
and through Palenville. 

Stratigraphy.—The stratigraphic components of the Oneonta 
formation are somewhat variable in its smaller subdivisions 
but certain members preserve general characteristics through- 
out. The basal beds are gray flags which merge into the 
Hamilton. Their thickness averages about fifty feet and they 
may be regarded in greater part as beds of passage. They are 
streaked with red shale above and give place to a thick mass 
of red shales with more or less intercalated gray or greenish 
flags. Next above is a series of gray sandstones and flags with 
occasional red shale streaks in some localities, and usually some 
red sandstone layers. This series averages between two hun- 
dred and two hundred and fifty feet in thickness. The upper 
member of the formation consists of six or seven hundred feet 
of red shales and sandstones with intercalated gray and green- 
‘ish flaggy beds and some cross-bedded sandstones eastward. 
The red Shales are bright red in color and moderately hard in 
texture. They are not in regular continuous beds throughout 
but constitute greatly elongated lenses in the gray fiags and 
red sandstones. 

Toward the western termination of the Oneonta formation 
these members lose their distinctness and finally give place to 
the gray beds of the Portage. The formation also gradually 
decreases in thickness and width and on the Chenango there 
are not over 500 feet of red beds. West of Norwich the red 
materials disappear rapidly and their place is taken by gray 
shales and thin bedded sandstone. This change in character is 
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from below upward, going west, and there can be no doubt as 
to the continuity of sedimentation throughout. South of 
Cortland the red materials are entirely absent and the entire 
section is typical Portage. 

The fossiliferous Chemung shales overlying the Oneonta 
formation south of Franklin have a thickness of about 309 
feet and present the usual Chemung character. They grade up- 
ward through a series of flags, into hard, coarse, cross-bedded 
gray sandstones with intercalated red shale layers. In tracing 
these fossiliferous shales eastward they were found to gradually 
merge into flags and then into harder, coarse sandstones until 
at Croton, ten miles east, their horizon is represented by a 
heavy mass of coarse, gray, cross-bedded sandstones with 
flaggy layers. This mass becomes harder and coarser eastward 
and was traced to and along the eastern front of the Catskill 
Mountains, its base defining the upper limit of the Oneonta 
formation. Its thickness averages about 250 feet. It is over- 
lain by a red shale bed twenty-five to thirty feet in thickness 
and this in turn is overlain by the thick mass of hard gray 
sandstone on which the old Mountain House is built. Ata 
point about four miles due west of Durham some mollusean 
remains were found in a softer gray bed about 175 feet above 
the summit of the Oneonta formation. One fairly distinet 
individual was recognized by Dr. Hall as Spirifer disjuncta, a 
Chemung form. 

From Franklin, westward, the Oneonta-Chemung boundary 
is clearly marked by the abrupt change from red beds to gray 
shales and soft sandstones. It extends along the slopes south 
of Unadilla and Sidney down the Susquehanna to a couple of 
miles below Afton. Thence south to Guilford and Summit 
on the New York, Ontario and Western Railroad and down 
the Chenango to Greene. The exposures along the railroad 
opposite Oxford from Lyons Creek bridge, where the Hamil- 
ton is exposed, to the Chemung at Summit, were described by 
C. E. Beecher, J. W. Hall and C. E. Hall as a typical section 
exhibiting the stratigraphic position of the Oneonta forma- 
tion.* 

I have not traced the formations farther southward than 
Palenville along the eastern front of the Catskills but there 
can be no doubt as to their extension across the Delaware and far 
into Pennsylvania. The “Chemung” rocks to which Mather 
and others refer, lies below the Oneonta beds or about 1,000 feet 
below the actual base of the Chemung horizon, and are Hamilton 
in position. Their fauna is meager and consists of species ~ 4 
posed by Vanuxem to be “ Chemung” in central New York, 


* Note on the Oneonta Sandstone in the vicinity of Oxford, Chenango County, 
5th Report of State Geologist of New York, for 1885, p. 11. 
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but now known to be Hamilton. Mr. CO. S. Prosser* in a recent 
paper on the Devonian system of eastern Pennsylvania, de- 
seribes the relations along the Delaware, Lackawanna and 
Western Railroad in Monroe County west of Stroudsburg and 
shows that Hamilton fossils occur up to the base of the red 
beds which have heretofore been considered “ Catskill” in 
age. It is probable that these basal red beds to which he 
refers will be found to be Oneonta for the first 1,000 feet or 
more, with the overlying Chemung indistinguishable, as in the 
Catskill Mountain region. 

The status of the name “ Catskill.” —Catskill has been used 
as a geologic designation with such variable stratigraphic sig- 
nificance that its status as a formation name is worthy of 
serious reconsideration. No one can fail to be impressed with 
this who reads Prof. Stevenson’st admirably clear and exhaus- 
tive review of upper Devonian stratigraphy, or has followed the 
various controversies on the geology of southern New York and 
northern Pennsylvania. The typical “ Catskill” region is of 
course the Catskill Mountains and in this region the name was 
intended to comprise all of the great mass of gray sandstones 
and red shales up to the base of the doubtful conglomerate 
capping the higher summits. Rocks of this character overlie 
the fossiiiferons Chemung shales westward, and it has hereto- 
fore been supposed in the Catskill Mountains that they were 
similarly underlain by representatives of the Chemung. This 
as I have found proves to have been a mistake and the red 
and gray rocks of the Catskill Mountains—the type locality— 
comprise not only the Chemung but also the Portage horizons. 
The term Catskill has been applied in the past to beds of a 
certain lithologic character—the hard sandstones and red 
shales—and it has had no definite stratigraphic significance. 
This fact has been realized in the case of the upper members 
westward, but the determination of the true stratigraphic range 
in the Catskill Mountains throws additional light on the matter. 

The rocks of the Catskill Mountains, and beds of similar 
character westward, have no distinctive fauna of stratigraphic 
significance and they cannot be correlated on paleontologic 
grounds. The lowest red beds have often been used as a cri- 
terion of discrimination between Chemung and Catskill, but 
they vary in stratigraphic position from the upper beds of 
the Hamilton in eastern New York to near the base of the 
Lower Carboniferous in northwestern Pennsylvania, a differ- 
ence in horizon of several thousand feet. The Chemung 


* *This Journ., III, voi. xliv, pp. 210-221. 

+ Address of Vice-President, ‘The Chemung and Catskill (Upper Devonian) on 
the eastern side of the Appalachian Basin, Am. Assoc. Adv. Science, Proc., vol. 
xl, pp. 219-247. 
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fauna is distinctive as a whole and it pervades the greater 
mass of the western extension of the rocks of the Catskill 
Mountains from the upper part of the Portage in western 
New York nearly to the Lower Carboniferous in northwestern 
Pennsylvania. 

As the “ Catskill” in its type region comprises Portage and 
Chemung, my proposition now is to discontinue the use of 
Catskill as a codrdinate formation term and use the term Cat- 
skill group to include the Portage and Chemung formations, 
the latter extending to the base of the Lower Carboniferous. 
I believe the Chemung and Portage are formations distinctl 
separable over a wide area, but Chemung and “Catskill” as 
formations are only separable by a lithologic distinction which 
progressively varies several thousand feet in stratigraphic posi- 
tion in the extension of the beds across southern New York. 

Stevenson, in the review alluded to above, points out the 
general unity of the upper Devonian throughout the Appa- 
lachian region, and as its marine fauna is predominately Che- 
mung, proposes the “ Chemung ” as a period name to comprise 
three epochs; the Portage, the Chemung, and the Catskill. 
The new light on the stratigraphic range of the formation 
comprised under the name “ Catskill ” in its typical region is 
the ground for my preference for the older term in its origi- 
nal significance, even though its true stratigraphic limits were 
not originally defined. 


Art. XX VI.—E#stimates of Geologic Time; by 
WARREN UPHAM.. 


[Abridged from a paper in the Bibliotheca Sacra, Jan., 1893.] 


AccorpInG to Sir Archibald Geikie, in his presidential 
address before the British Association last August,* the known 
rates of deposition of sediments imply that for the formation 
of all the stratified rocks of the earth’s crust a duration some- 
where between 73 millions and 680 millions of years must be 
required. Most geologists, before specially looking into this 
subject, would doubtless regard the lowest of these estimates 
as a minimum of the time needed for the processes of deposi- 
tion and of erosion revealed by their study of the rocks, and 
for the concurrent changes of the earth’s floras and faunas 
from their beginning to the present time. But to some geolo- 

ists, these figures seem far too small, among whom Mr. W. J. 
eGee, in a paper read before the American Association the 


* Nature, Aug. 4, 1892, vol. xlvi, pp. 317-323. 
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same month,* reasoning from similar premises of geologic 
observations, would claim about seven thousand millions of 
years as the more probable measure of the part of the earth’s 
duration since its earliest fossiliferous rocks were formed, and 
probably twice as long time since the earth began its planetary 
existence. 

On the other hand, the most eminent writers who have con- 
sidered this subject from the standpoint of physical experi- 
ment and theory and their relationship with astronomy, 
including Thomson, Tait, Neweomb, Young, and Ball, tell us 
that geologists can be allowed probably no more than 100 
millions of years, and perhaps only about 10 millions, since 
our earth was so cooled as to permit the beginning of life 
upon it. 

It is comparatively easy to determine the ratios or relative 
lengths of the successive geologic eras, but is confessedly very 
difficult to decide beyond doubt even the approximate length 
in years of any part of the records of the rock strata. The 
portions for which we have the best means of determining 
their length are the Glacial and Recent periods, the latter 
extending from the Champlain epoch, or closing stage of the 
Ice age, to the present time, while these two divisions, the 
Glacial or Pleistocene period and the Recent, make up the 
Quaternary era. If we can only ascertain somewhat nearly 
what has been the duration of this era, from the oncoming 
of the Ice age until now, it will serve as a known quantity 
to be used as the multiplier in the several ratios for giving 
us the approximate or probable measures in years for the 
recedingly earlier and far longer Tertiary, Mesozoic, Pale- 
ozoic, and Archean eras, which last takes us back almost or 
quite to the time when the cooling molten earth became first 
enveloped with a solid crust. 

Sir William Thomson (now Lord Kelvin) long ago estimated, 
from his study of the earth’s internal heat, its increase from 
the surface downward, and the rate of its loss by radiation into 
space, that the time since the consolidation of the surface of 
the globe has been somewhere between 20 millions and 400 
millions of years, and that most probably this time and all the 
geologic record must be limited within 100,000,000 years.t+ 

Prof. George H. Darwin computes, from the influence of 
tidal friction in retarding the earth’s rotation, that probably 
only 57,000,000 years have elapsed since the moon’s mass was 

* Am. Anthropologist, Oct., 1892, vol. v. pp. 327-344. with a plate showing 
relative durations of natural time units, historical eras, and geologic periods. 

+ In an article published two months ago in this Journal, since the present paper 
was written, Mr. Clarence King, from recent physical investigations of diabase 


when subjected to great heat and pressure. concludes that the age of the earth, 
deduced by Lord Kelvin’s method, is approximately 24,000,000 years. 
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shed from the revolving molten earth, long before the forma- 
tion of its crust. From the same arguments and the rate at 
which the sun is losing its store of heat, Prof. Guthrie Tait 
affirms that apparently 10,000,000 years are as much as phys- 
ical science can allow to the geologist. Professor Newcomb, 
summing up the results of these physical and astronomical 
researches, writes: “If the sun had, in the beginning, filled 
all space, the amount of heat generated by his contraction to 
his present volume would have been sufficient to last 18,000,000 
years at his present rate of radiation 10,000,000 years 
. is, therefore, near the extreme limit of time that we can 
suppose water to have existed on the earth in the fluid state.” 
Not only the earth, but even the whole solar system, according 
to Newcomb, “ must have had a beginning within a certain 
number of years which we cannot yet calculate with certainty, 
but which cannot much exceed 20,000,000, and it must end.’”’* 
The geologist demurs against these latter far too meager 
allotments of time for the wonderful, diversified, and surel 
vastly long history which he has patiently made out in his 
perusal of the volume of science disclosed by the rocks. He 
can apparently do very well with Lord Kelvin’s original esti- 
mate, but must respectfully dissent from the less liberal 
opinions noted. Somewhere in the assumed premiges which 
yield to mathematicians these narrow limits of time there 
must be conditions which do not accord with the actual consti- 
tution of the sun and earth. It must be gratefully acknowl- 
edged, however, in the camp of the geologists, that we owe to 
these researches a beneficial check against the notion once 
prevalent that geologic time extends back practically without 
limit ; and it is most becomivg for us carefully to inquire how 
closely the apparently conflicting testimonies of geology and 
of physics may be brought into harmony by revision of each. 
Among all the means afforded by geology for direct esti- 
mates of the earth’s duration, doubtless the most reliable is 
through comparing the present measured rate of denudation of 
continental areas with the aggregate of the greatest determined 
thicknesses of the strata referable to the successive time 
divisions. Now the rates at which rivers are lowering the 
altitudes of their basins by the transportation of sediments to 
the sea vary from an average of one foot taken from the land 
surface of its hydrographic basin by the River Po in 730 
years .to one foot by the Danube in 6,800 years. As a mean 
for all the rivers of the world, Alfred Russel Wallace assumes 
that the erosion from all the land surface is one foot in 3,000 
years. The sediments are laid down in the sea on an average 


* Popular Astronomy, pp. 505-519; Astronomy for Schools and Colleges, 
p. 501. 
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within 30 miles from the coast, and all the coast lines of the 
earth have a total measured length, according to Dr. James 
Croll and Mr. Wallace, of about 100,000 miles; so that the 
deposition is almost wholly confined to an area of about 
3,000,000 square miles. This area is one nineteenth as large 
as the earth’s total land area; hence it will receive sediment 
nineteen times as fast as the land is denuded, or at the rate of 
about nineteen feet of stratified beds in 3,000 years, which 
would give one foot in 158 years. With this Wallace com- 
pares the total maxima of all the sedimentary rocks of the 
series of geologic epochs, measured in whatever part of the 
earth they are found to have their greatest development. 
Prof. Samuel Haughton estimates their aggregate to be 177,200 
feet, which multiplied by 158 gives approximately 28,000,000 
years as the time required for the deposition of the rock strata 
in the various districts where they are thickest and have most 
fully escaped erosion and redeposition. 

Most readers, following this argument, would infer that it 
must give too large rather than too scanty an estimate of 
geologic duration ; but to many students of the earth’s strati- 
graphy it seems more probably deficient than excessive. All 
must confess that the argument rests upon many indeterminate 

remises, since the total extent of the land areas and the 
depths of the oceans have probably been increasing through 
the geologic areas, and the effects of tides have seslaliy 
diminished. The imperfection of the geologic record, so 
impressively shown by Charles Darwin in respect to the 
sequence of plants and animals found fossil in the rocks, will 
also be appealed to as opposing the assumption that the 
177,200 feet, or 334 miles, of strata represent the whole, or 
indeed any more than a small fraction of the earth’s history. 
To myself, however, this last objection seems unfounded, 
since in many extensive and clearly conformable sections ob- 
served on a grand scale in crossing broad areas, there is seen to 
have been evidently continuous deposition during several or 
many successive geologic epochs, and by combining such sec- 
tions from different regions a record of sedimentation is made 
wellnigh complete from the earliest Paleozoic morning of life 
to its present high noon. But perhaps we may do better to 
change somewhat the premises of our computation, in view of 
the extensive regions where the rock strata remain yet to be 
thoroughly explored, and because of certain large land tracts 
having little rain and therefore no drainage into the sea. Let 
us assume that the total maxima of strata amount to 50 miles, 
and that the mean rate of the land denudation is only one 
foot in 6,000 years ; and we then obtain a result three times 
greater than before, or about 84,000,000 years for the deposi- 
tion of the stratified rocks. 
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As a confirmation of the validity of his estimate of 28,000,- 
000 years, Wallace cites the estimates differently obtained 
through the geologic time ratios of Lyell and Dana, in combi- 
nation with Dr. Croll’s astronomic theory of the causes of the 
Ice age, which attributes the accumulation of ice-sheets to 
stages of high eccentricity of the earth’s orbit. The Quater- 
nary Glacial period is assigned by this theory an extent of 
about 160,000 years, from 240,000 to 80,000 years ago. The 
next preceding epoch of great eccentricity was about 850,000 
years ago, and to that time are referred large ice-borne blocks 
in Miocene strata of northern Ital;. The union of this assump- 
tion with the time ratios for tlie Tertiary and earlier eras is 
explained as follows by Wallace in “ Island Life,” chapter x. 

Sir Charles Lyell, taking the amount of change in the species of mollusca as a 
guide, estimated the time elapsed since the commencement of the Miocene as 
one-third that of the whole Tertiary epoch, and the latter at one-fourth that of 
geological time since the Cambrian period. Professor Dana, on the other hand, 
estimates the Tertiary as only one fifteenth of the Mesozoic and Paleozoic com- 
bined. On the estimate above given [that the time since a Miocene glacial epoch 
has been 850,000 years], founded on the dates of phases of high eccentricity, we 
shall arrive at about four million years for the Tertiary epoch, and sixteen mil- 
lion years for the time elapsed since the Cambrian, according to Lyell, or sixty 
millions according to Dana. The estimate arrived at from the rate of denudation 
and deposition (twenty-eight million years) is nearly midway between these, and 
it is, at all events, satisfactory that the various measures result in figures of the 
same order of magnitude, which is all one can expect on so difficult and exceed- 
ingly speculative a subject. . . . The time thus arrived at is immensely Jess than 
the usual estimates of geologists, and is so far within the limits of the duration 
of the earth as calculated by Sir William Thomson as to allow for the develop- 
ment of the lower organisms an amount of time anterior to the Cambrian period 
several times greater than has elapsed between that period and the present day. 

Professor Haughton has estimated time ratios from two 
series of data. His results deduced from the maximum thick- 
ness of the strata for the three grand divisions of Archeean, 
Paleozoic, and subsequent time, expressed in percentages, are 
34°3 :42°5 : 23-2; and from his computations as to the secuiar 
cooling of the earth, 33°0:41:0: 26-0. From his consideration 
of the present rates of denudation and the maximum thick- 
ness of the strata, he obtains “for the whole duration of 
geological time a minimum of two hundred millions of years.” 
In my opinion, this is a large rather than a small total esti- 
mate; but the length of Archean or pre-Cambrian time seems 
to me proportionately much greater than is here allowed. 

The ratios reached by Profs. J. D. Dana and Alexander 
Winchell, from the thicknesses of the rock strata, are closely 
harmonious, the durations of Paleozoic, Mesozoic, and Ceno- 
zoic time being to each other as 12:3:1. The Tertiary and 
Quaternary ages, the latter extending to the present day, are 
here united as the Cenozoic era. Professor Dana has further 
ventured a supposition that these three vast eras, from the 
Cambrian dawn until now, may comprise some 48,000,000 


214 W. Upham—Estimates of Geologic Time. 


years, which would give for the Paleozoic era, 36,000,000 
ears; the Mesozoic, 9,000,000; and the Cenozvie, 3,000,000. 
e disclaims, however, any assumption that those figures are 
“even an approximate estimate of the real length of the inter- 
val, but only of relative lengths and especially to make apparent 
the fact that these intervals were very long.’””* 

Prof. W. M. Davis, without speaking definitely of the lapse 
of time by years, endeavors to give some conception of what 
these and like estimates of geologic ratios really mean, through 
a translation of them into terms of a linear scale.t Starting 
with the representation of the Postglacial or Recent period, 
since the North American ice-sheet was melted away, as two 
inches, he estimates that the beginning of the Tertiary erosion 
of the Hudson River gorge through the Highlands would be 
expressed by a distance of ten feet ; that the Triassic reptilian 
tracks in the sandstone of the Connecticut valley would be 
probably 50 feet distant ; that the formation of the coal beds 
of Pennsylvania would be 80 or 100 feet back from the 
SS. time; and that the Middle Cambrian trilobites of 

raintree, Mass., would be 200, 300, or 400 feet from us. 

Having such somewhat definite and agreeing ratios, derived 
froin various data by different investigators, can we secure the 
factor by which they should be multiplied to yield the approxi- 
mate duration of geologic epochs, periods, and eras in years ? 
If on the scale used by Professor Davis we could substitute a 
certain time for the period since the departure of the ice sheet, 
we should thereby at once determine, albeit with some vague- 
ness and acknowledged latitude for probable error, how much 
time has passed since the Triassic tracks were made, the coal 
deposited, and the trilobites entombed in the Cambrian slates. 
Now just this latest and present division of the geologic record, 
following the Ice age, is the only one for which geologists 
find sufficient data to permit direct measurements or estimates 
of its duration. ‘The glacial invasion from which New 
England and other northern countries have lately escaped,” 
remarks Davis, “was prehistoric, and yet it should not be 
regarded as ancient.” 

In various localities we are able to measure the present rate 
of erosion of gorges below waterfalls, and the length of the 
postglacial gorge divided by the rate of recession of the falls 
gives approximately the time since the Ice age. Such measnre- 
ments of the gorge and falls of St. Anthony by Prof. N. H. 
Winchell show the length of the Postglacial or Recent period 
to have been about 8,000 years; and from the surveys of 
Niagara falls, Mr. G. K. Gilbert believes it to have been 7,000 
years, more or less. From the rates of wave-cutting along the 


* Manual of Geology, p. 795. + Atlantic Monthly, July, 1891, p. 77. 
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sides of Lake Michigan and the consequent accumulation of 
sand around the south end of the lake, Dr. E. Andrews esti- 
mates that the land there became uncovered from its ice-sheet 
not more than 7,500 years ago. Prof. G. Frederick Wright 
obtains a similar result from the rate of filling of kettle-holes 
among the gravel knolls and ridges called kames and eskers, 
and likewise from the erosion of valleys by streams tributary 
to Lake Erie; and Prof. B. K. Emerson, from the rate of de- 
position of modified drift in the Connecticut vailey at North- 
ampton, Mass., thinks that the time since the Glacial period 
cannot exceed 10,000 years. An equally small estimate is also 
indicated by the studies of Gilbert and Russell for the time 
since the Jast great rise of the Quaternary lakes Bonneville 
and Lahontan, lying within the arid Great Basin of interior 
drainage, which are believed to have been contemporaneous 
with the great extension of ice-sheets upon the northern part 
of our continent. 

Prof. James Geikie maintains that the use of palolithic 
implements had ceased, and that early man in Europe made 
neolithic (polished) implements, before the recession of the 
ice-sheet from Scotland, Denmark, and the Seandinavian 
peninsula; and Prestwich suggests that the dawn of civiliza- 
tion in Egypt, China, and India, may have been coeval with 
the glaciation of northwestern Europe. In Wales and York- 
shire the amount of denudation of limestone rocks on which 
bowlders lie has been regarded by Mr. D. Mackintosh as proof 
that a period of not more than 6,000 years has elapsed since 
the bowlders were left in their positions. The vertical extent 
of this denudation, averaging about six inches, is nearly the 
same with that observed in the southwest part of the Province 
of Quebec by Sir William Logan and Dr. Robert Bell, where 
veins of quartz marked with glacial striz stand out to various 
heights not exceeding one foot above the weathered surface of 
the enclosing limestone. 

Another indication that the final melting of the ice-sheet 
upou British America was separated by only a very short 
interval, geologically speaking, from the present time, is seen 
in the wonderfully perfect preservation of the glacial striation 
and polishing on the surfaces of the more enduring rocks. Of 
their character in one noteworthy district, Dr. Bell writes as 
follows: “On Portland promontory on the east coast of Hud- 
son’s bay, in latitude 58°, and southward the high rocky hiils are 
completely glaciated and bare. The striz are as fresh-looking 
as if the ice had left them only yesterday. When the sun bursts 
upon these hills after they have been wet by the rain, they 
glitter and shine like the tinned roofs of the city of Moritreal.”* 


* Bulletin, Geol. Society of America, vol. i, p. 308. 
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From this wide range of concurrent but independent testi- 
monies, we may accept it as practically demonstrated that the 
ice-sheets disappeared from North America and Europe some 
6,000 to 10,000 years ago. But having thus found the value 
of one term in our ratios of geologic time divisions, we may 
know them all approximately by its substitution. The two 
inches assumed to represent the postglacial portion of the 
Quaternary era may be called 8,000 years; then, according to 
the proportional estimates by Davis, the Triassic period was 
probably 2,400,000 years ago; the time since the Carbon- 
iferous period has been about four or five millions of years ; 
and since the middle of the Cambrian period, twice or perhaps 
four times as long. Continuing this series still farther back, 
the earliest Cambrian fossils may be 20 or 25 millions of years 
old, and the beginning of life on our earth was not improbably 
twice as long ago. 

Seeking to substitute our measure of postglacial time in 
Professcr Dana’s ratios, we are met by the difficulty of ascer- 
taining fir st its proportion to the preceding Glacial period, and 
then the ratio which these two together bear to the Tertiary 
era. It would fill a very large volume to rehearse all the 
diverse opinions current among glacialists concerning the his- 
tory of the Ice age, its wonderful climatic vicissitudes, and the 
upward and downward movements of the lands which are 
covered with the glacial drift. Many eminent glacialists, as 
James Geikie, Wahnschaffe, Penck, De Geer, Chamberlin, 
Salisbury, Shaler, McGee, and others, believe that the Ice age 
was complex, having two, three, or more, epochs of glaciation, 
divided by long interglacial epochs of mild and temperate 
climate when the ice-sheets were entirely or mainly melted 
away. Professor Geikie, in a recent very able paper,t claims 
five distinct glacial epochs, as indicated by fossiliferous beds 
lying between deposits of till, and by other evidences of great 
climatic changes. In this country Mr. McGee recognizes at 
least three glacial epochs. The astronomic theory of Croll 
attributes.the accumulation of ice-sheets to recurrent cycles 
which bring the earth alternately into aphelion and perihelion 
eAch 21,000 years during the periods of maximum eccentricity 
of the earth’s orbit. Its last period of this kind, as before 
stated, was from about 240,000 to 80,000 years ago, allowing 
room for seven or eight such cycles and alternations of glacial 
and interglacial conditions. The supposed evidence of inter- 

lacial epochs therefore gave to this theory a wide credence ; 

ut the recent determinations of the geologic brevity of the 
time since the ice-sheets disappeared from North America 


*“On the Glacial Succession in Europe,” Trans. Royal Society of Edinburgh, 
1882, vol. xxxvii, pp. 127-149, with map. 
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and Europe make it clear in the opinions of some of the 
geologists who believe in the duality or plurality of Quater- 
nary glacial epochs, that not astronomic but geographic causes 
produced the Ice age. 

Glacialists who reject Croll’s ingenious and brilliant theory 
‘mostly appeal to great preglacial altitude of the land as the 
chief cause of the ice accumulation, citing as proof of such 
altitude the fiords and submarine valleys which on the shores 
of Scandinavia and the Atlantic, Arctic, and Pacific coasts of 
North America, descend from 1,000 to 3,000 and even 4,000 
feet below the sea level, testifying of former uplifts of these 
continental areas so much above their present heights. But 
beneath the enormous weight of their ice-sheets these lands 
sank, so that when the ice attained its maximum area and 
thickness and during its departure the areas on which it lay 
were depressed somewhat lower than now, and have since 
been re-elevated. This view to account for the observed 
records of the Ice age is held by Dana, LeConte, Wright, 
Jamieson, and others, including the present writer. It is 
believed to be consistent either with the doctrine of two or 
more glacial epochs during the Quaternary era, or with the 
reference of all the glacial drift to a single glacial epoch, 
which is thought by Wright, Prestwich, Lamplugh, Falsan, 
Holst, and others, to be more probable. To myself, though 
formerly accepting two glacial epochs, with a long warm inter- 
val between them, the essential continuity of the Ice age seems 
now the better provisional hypothesis, to be held with candor 
for weighing evidence on either side. The arguments 7 
porting this opinion are well stated by Professor Wright.* If 
there was only one epoch of glaciation, with moderate tempo- 
rary retreats and re-advances of the ice-border, sufficient to 
allow stratified beds with the remains of animals and plants to 
be intercalated between accumulations of till, the duration of 
the Ice age may only have comprised a few tens of thousands 
of years. On this point Professor Prestwich has well written 
as follows: 

For the reasons before given I think it possible that the Glacial epoch—that is 
to say, the epoch of extreme cold—may not have lasted longer than from 15,000 
to 25,000 years, and I would for the same reasons limit the time of ...... the 
melting away of the ice-sheet to from 8,000 to 10,000 years or less.+ 

From these and foregoing estimates which seem to me 
acceptable, we have the probable length of Glacial and Post- 
glacial time together 30,000 or 40,000 years, more or less ; but 
an equal or considerably longer preceding time, while the 

*The Ice Age in North America, 1889, chapters xix and xx. Man and the 


Glacial Period, 1892, pp. 117-120 and chapters ix and x. ‘“ Unity of the Glacial 
Epoch,” in this Journal, Nov., 1892. + Geology, vol. ii, p. 534. 
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areas that became covered by ice were being uplifted to high 
altitudes, may perhaps with good reason be also included in 
the Quaternary era, which then would comprise some 100,000 
te The best means for learning the relative lengths of 

ertiary and Quaternary time I think to be found in the 
changes of faunas and floras since the beginning of the Ter- 
tiary era, using especially the marine molluscan faunas as most 
valuable for this comparison. Scarcely any species of marine 
mollusks have become extinct or undergone important changes 
during the Glacial and Recent periods, but since the Eocene 
dawn of the Tertiary nearly all of these species have come into. 
existence. Judged upon this basis, the Tertiary era seems 
probably fifty or a hundred times longer than the Ice age and 
subsequent time; in other words, it may well have lasted two 
millions or even four millions of years. Taking the mean of 
these numbers, or three million years, for Cenozoic time, or 
the Tertiary and Quaternary ages together, we have precisely 
the value of Professor Dana’s ratios which he himself assumes 
for conjectural illustration, namely, 48,000,000 years since the 
Cambrian period began. But the diversified types of animal 
life in the earliest Cambrian faunas surely imply a long ante- 
cedent time for their development, on the assumption that the 
Creator worked before then as during the subsequent ages in 
the evolution of all living creatures. According to these ratios, 
therefore, the time needed for the deposition of the earth’s 
stratified rocks and the unfolding of its plant and animal life 
must be about a hundred millions of years. 

Reviewing the several results of our different geologic esti- 
mates and ratios supplied by Lyell, Dana, Wallace and Davis, 
we are much impressed and convinced of their approximate 
truth by their somewhat good agreement among themselves, 
which seems as close as the nature of the problem would lead 
us to expect, and by their all coming within the limit of 
100,000,000 years which Sir William Thomson estimated on 
physical grounds. This limit of probable geologic duration 
seems therefore fully worthy to take the place of the once 
almost unlimited assumptions of geologists and writers on the 
evolution of life, that the time at their disposal has been prac- 
tically infinite. No other more important conclusion in the 
natural sciences, directly and indirectly modifying our concep- 
tions in a thousand ways, has been reached during this century. 

The error by which Mr. McGee, in the estimate stated in 
the early part of this article, wanders so far astray, consists in 
his relying largely on Dr. Croll’s theory for the cause of the 
Glacial period, whereby he concludes that this period was of 
great length and that the ice-sheets were due to astronomic 
conditions while the land through the Ice age had somewhat 
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approximately its present height, with only moderate uplifts 
and depressions. Drawing his ratios of Postglacial and Glacial 
time, and of the preceding early Quaternary or late Tertiary 
epoch to which the Lafayette formation belongs, from the 
amounts of stream erosion, he has supposed the conditions 
then similar to those of the present time, so that the relative 
durations of these epochs may be estimated from their excava- 
tions of valleys by water courses. But it seems preferable, as 
before noted, to refer the Ice age to great elevation of the 
land, whereby the erosion of streains would be caused to pro- 
ceed very much more rapidly than if the country were as low 
as now. With an altitude of our Atlantic coastal plain and 
whole continental area westward 3,000 feet higher than now, 
the valley-cutting may have gone forward twenty ora hun- 
dred times faster than to-day, or even near the coast a thousand 
times faster than now. The factor with which Mr. McGee 
starts on the multiplication of the earlier ratios to change 
them to years is evidently far too large, and it gives therefore 
for all the geologic eras and for the earth’s total age too vast 
figures probably by twentyfold to a hundredfold. 
Anthropologists, not less than geologists, have a lively 
interest in the estimates and measurements of the length of 
the Glacial and Recent periods, for the earliest reliable testi- 
rg of man’s existence comes to us from the Ice age, both 
in North America and Europe. Confining our attention to 
the observations which prove that men were living on our 
continent as contemporaries of its northern ice-sheet, we have 
many independent and widely separated localities where traces 
of man’s presence during the Glacial period have been found. 
Under the beach ridge of gravel and sand on the south side of 
Lake Iroquois, the glacial representative of Lake Ontario, 
charred sticks, with ashes and stones laid to form a rude 
hearth, were discovered about 18 feet below the surface in 
digging a well in Gaines township, Orleans county, N. Y. 
Lake Iroquois was dammed on the northeast by the recedin 
continental ice-sheet and outflowed by way of the Mchaw 
and Hudson. The hearth and fire were made, according to 
Mr. G. K. Gilbert, “not long after the establishment of the 
Mohawk outlet and during its continuance.” To a much 
earlier stage of the glacial recession we must refer the exten- 
sive ph deposits of the Delaware River in the vicinity of 
Trenton, N. J., in which Dr. C. C. Abbott, Prof. F. W. 
Putnam, and others have found many paleolithic implements 
and chipped fragments of argillite.* Somewhat farther south, 
* Since this paper was written, two articles by Mr. W. H. Holmes in Science 
(Nov. 25, 1892, and Jan. 20, 1893) lead me to uncertainty whether the traces of 


man’s existence in this country during the Glacial period are referable, as has 
been hitherto supposed, to a technically palzolithic stage of culture. They seem 


Am. Jour. Series, XLV, No. 267.—Manrcn, 1893, 
16 


220 W. Upham—Estimates of Geologic Zvme. 


in Delaware, Mr. Hilborne T. Cresson has found similar 
paleoliths in glacial gravel belonging to a still earlier part of 
the Ice age, probably a during the maximum exten- 
sion of the ice-sheet. Other localities where palzoliths have 
been discovered in glacial gravel and sand beds, formed during 
the departure of the ice, are Newcomerstown, on the Tus- 
carawas river, in eastern Ohio; on the Little Miami river at 
Loveland and Madisonville, in southwestern Ohio; on the 
East fork of the White river at Medora, in southern Indiana; 
and on the upper Mississippi at Little Falls, in central Minne- 
sota. Again, in one of the beach ridges of the glacial Lake 
Agassiz, held in the basin of the Red river of the North and 
of Lake Winnipeg by the barrier of the waning ice-sheet, Mr. 
J. B. Tyrrell has found chipped fragments of quartzite, evi- 
dently of human workmanship, contemporaneous with the 
rounded gravel and wave-worn sand of the beach. West of 
the Rocky Mountains, also, an obsidian spear-head was dis- 
covered by McGee in the sediment of the Quaternary Lake 
Lahontan ; and stone mortars, pestles, and even human bones, 
ineluding the famous Calaveras skull, have been obtained by 
Whitney, King, Becker, Wright, and others, from the gold- 
bearing gravels under the lava of Table mountain, California. 
Though these last are south of the continental drift sheet, they 
seem referable on sufficient geologic evidences, to the Pleisto- 
cene or Glacial period. 

At one time the Californian discoveries were believed by 
some to prove man’s presence there during the Pliocene 
period, far longer ago than the Ice age; but no indisputable 
proof, nor even apparently reliable evidence, for so oo 
antiquity of man has been brought to light in any part of the 
world. Homo sapiens, as Professor LeConte stated in discus- 
sions of this subject at the meeting of the American Associa- 
tion last August in Rochester, N. Y., must be regarded, in the 
present stage of our knowledge, as restricted to the Quater- 
nary era, although his —— ancestors may have begun as 
far back as in Pliocene or Miocene time their ascent toward 
man’s present intellectual and spiritual eminence. 
to me to prove indubitably that men were living here contemporaneous with the 
ice-sheet, but these men may have possessed the skill to make both rough and 
polished implements of stone, corresponding with the Neolithic age in Europe. 
The wide geographic range of the native American race, its differentiation into 
many divergent branches, and the very remarkable advances of some of them 
toward civilization before the discovery by Columbus, as in Mexico, Central 
America, and Peru, indicate that the original peopling of the continent, which 
was apparently by migration from northeastern Asia, took place before the culmi- 
nation of the Glacial: period, probably during an immediately preceding time of 
general elevation of northern countries so that land extended across the present 
areas of Bering Strait and Sea. It may well be true, but probably cannot be 
proved, that even at that early time the people taking possession of North and 
South America had attained the stage of culture characterized by the partial use 
of polished stone implements. 
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ArT. XX VII.— Notes on the Cambrian in Missouri and the 
Classification of the Ozark Series ; by ARTHUR WINSLOW. 


Introductory Remarks.—The Magnesian or Ozark series of 
rocks in Missouri covers nearly the entire southeastern quarter 
of the State. The members consist chiefly of dolomitic lime- 
stones and sandstones. They were assigned by the first Geo- 
logical Survey of the State to the Lower Silurian and Calcifer- 
ous age and were classified as follows, from the top downwards:* 


First Magnesian Limestone. 
Saccharoidal Sandstone. 
Second Magnesian Limestone. 
Second Sandstone. 

Third Magnesian Limestone. 
Third Sandstone. 

Fourth Magnesian Limestone. 
Fourth Sandstone.. 


This assignment and classification were followed, with slight 
modifications, by Shumard, Meek, Broadhead and others in 
later works, though, in the first — cited,+ the discovery of 


a trilobite is noted in the Third nesian limestone which 
was considered identical with one in the Potsdam sandstone of 
New York, and in later reports and papers Broadhead refers to 
the lower members of the series as of probable Potsdam age.t 

Walcott, in recent writings, reasoning largely from the 
published results above referred to, has included the lower 
members of the Ozark series in the Cambrian§ and expresses 
this conclusion in the following words: || The Cambrian rocks 
in Missouri occur in the southwestern{ portion of the State, 
about the Ozark Uplift. As far as known they are of Upper 
Cambrian age and consist of a sandstone that occurs beneath 
the third magnesian limestone, or Calciferous, and the fourth 
magnesian limestone of the Missouri survey, beneath which, 
according to Prof. G. C. Broadhead, there are other arenace- 
ous and calcareous beds.” According to this the last three 
numbers of the table given above would belong to the Cam- 
brian. 

Recent work of the present Geological Survey of Missouri 
has shown that a re-classification of the members of the Mag- 


* Swallow. 2nd Annual Report 1854, Part I, pp. 115 to 130. 
Ibia., p. 124, 
Report Missouri Geological Survey 1873-74, pp. 352, 257, 358. 
The North American Continent in Cambrian Time, and Bulletin No. 81, U.S. - 
Geological Survey, Correlation Papers—Cambrian. 
Bulletin 81, p. 339. 
Southeastern probably meant. 
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nesian series is necessary,* and it is further tending to the con- 
clusion that rocks placed higher in the series than the Third 
sandstone are of Cambrian age. As bearing upon these ques- 
tions the results of studies recently made by the writer in 
Madison, St. Francois and Ste. Genevieve counties are here 
presented. 


Fig. 1.—Outline map of St. Genevieve, St. Francois and Madison Counties. 


Previous Results in St. Genevieve County.—St. Genevieve 
county is in the eastern portion of the State, about 40 miles 
south of St. Louis. As is shown in the adjoining sketch it is 
bordered by the Mississippi river on the east, by St. Francois 


* Vol. ii, Report Missouri Geological Survey, 1892; Iron Ores, chap. v. 
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county on the west and corners with Madison county on the 
southwest. A description of the geology of this county b 
B. F. Shumard was published in 1871,* from results of wor 
done during earlier years. According to this report the country 
lies on the eastern flank of the Ozark uplift and, proceedin 
from the river westwards, the upturned edges of the eastwa 
dipping strata of Carboniferous, Devonian, Upper and Lower 
Silurian ages are successively encountered. It is with the last 
of these alone that we are concerned here. The report de- 
scribes among the rocks of this period,t the First magnesian 
limestone, the Saccharoidal sandstone, the Second magnesian 
limestone, the Second magnesian sandstone and the Third 
magnesian limestone, as they are found in this county, one 
under the other, dipping gently to the east. 

The Second magnesian limestone, in which we are specially 
interested, is statel to occupy a large area chiefly in the 
central and northwestern portions of the county, and to ex- 
tend across the eastern half of the county in a belt from one 
to three miles wide. The Second sandstones, in which we are 
also interested, is described as constituting the surface rock over 
a larger portion of the country than any other formation and is 
present in greater vertical development. It is particularly well 
shown over the high central portion of the county. It is 
described as varying in lithological character, but usually ap- 
pears in thin beds of white, yellow, or reddish colors and made 
up of moderately fine siliceous grains ; sometimes, however, 
it is coarse-grained to the extent of being a grit-stone or con- 
glomerate, containing large pebbles of milky translucent quartz. 
The thickness is stated to be 150 ft. 

The Third magnesian limestone is described as occurring in 
the western and southern portions of the county, with the 
“usual lithological characteristics.” 

Previous Results in Madison County.—The geology of 
Madison county was described by Broadhead in 1873.{ Accord- 
ing to this report the sedimentary strata fill the valleys between 
mountains and hills of Archean rocks. The general section of 
these strata given is as follows, from the top downwards. 


. Sandstone. 

. Chert beds and magnesian limestone. 

. Magnesian limestone. 

. Grit-stone with some magnesian limestone. 
. Marble beds. 

. Sandstone. 


* Report Missouri Geological Survey, 1871, pp. 289 to 303. 
+ Opus cit., pp. 298 and 299. 
¢ Report Mo. Geological Survey, 1873 to '74, pp. 342 to 379. 
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The members of this section numbered 1, 2, and 3 and part 
of 4 are placed in the Potsdam ; the upper one hundred feet 
or more of 4 are described as belonging to the Third magnesian 
limestone; numbers 5 and 6 are placed in the Calciferous 
and 6 is thought to be probably the ‘‘ Third sandstone.” 

The lowest sandstone (1) is described as occurring in the 
northern part of the county, in between the granite hills ; it 
is generally fine grained and of white or buff color, or may be 
a coarse, brown or red conglomerate. Thicknesses of from 40 to 
90 feet are exposed in places. The sandstone found about 
Mine La Motte is included in this description. 

The marble beds (2) are found only at a few localities in the 
central and southwestern portions of the county. The grit- 
stones are similarly exposed only at a few points. The mag- 
nesian limestones (4) are stated to be of wide distribution ; the 
lower beds are placed in the Potsdam and are separated from 
the upper beds, of 100 feet or more, which are grouped under 
the head of the Third magnesian limestone, though the reasons 
for this separation are not very clear. The chert and sand- 
stones (5 and 6) occupy the hill tops in scattered patches. 

No explanation is given of the stratigraphic structure of 
county and the reasons for differentiating the marble and grit- 
stone beds (2 and 3) and for placing them at the places desig- 
nated in the section are not plain. 

Previous Results in St. Francois County.—No report 
especially describing St. Francois county has been published ; 
but the sedimentary rocks there are in direct continuation of 
those of Madison county and the prevalent limestone has 
generally been considered to belong, in great part at least, to 
the Third magnesian. According to our understanding, then, 
the interpretation of the stratigraphy and structure of this 
region to be drawn from these reports would be as is expressed 
in the following section, along the line A, B, drawn in the 
sketch map on p. 222. 


AMIN ATON 
ST Francois @ 
St.Genevieve 


ARCHEAW 

A AND 
CARBOWIFEROUS 


St. Genevieve 
River 


Fig. 2.—A generalized section across St. Francois and St. Genevieve counties, 
expressing the results of early work. 


Results of the present Geological Survey.—During the past 
few years the present Geological Survey has prosecuted field 
work during part of each field season in this section of the 
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State. In this period the writer has carefully examined 

numerous outcrops and exposures and has, further, had the 

benefit of the results of a large amount of diamond drilling 

and shafting which have been done here, notably in the vicinity | 
of Bonne Terre, Flat River, Farmington, Doe Run, Iron 

Mountain, Mine La Motte and Fredericktown. The results of 

this work all go to show that in St. Francois and in the north- 

ern part of Madison counties the sedimentary rocks between 

and beyond the granite and porphyry hills may be divided into 

the following three parts from the top downwards. 


Observed thicknesses. 
Feet. 
1. Limestone, magnesian, crystalline; immediately under- 
lies most of the valleys and constitutes the 
bulk of the non-Archean hills. In thin and 
massive beds; includes some shale, espe- 
cially in the lower parts ; arenaceous layers 
encountered at places, but are of subordi- 
nate importance and not persistent. This 
is the lead-bearing horizon of southeastern 
2. Sandstone, of white, gray and reddish colors ; gene- 
rally composed of pure quartz grains with 
secondary enlargements liberally devel- 
oped ; sometimes thinly bedded, even shaly, 
elsewhere massive, but generally friable 
and difficult to drill through 1 to 100 
3. Conglomerate, composed of granite or porphyry bowl- 
ders with a limestone, grit or clayey matrix, 1 to 50 
Granite or porphyry floor. 


This section is, of course, not represented in full every- 
where. The best succession is perhaps found in the center 
or the broader valleys, between the Archean hills. As one 
approaches the sides of the valleys any or all of the beds may 
taper out. The detrital conglomerate would, naturally, not 
be found resting against a steep granite wall, but the bowl- 
ders would have slid or rolled to lower levels; the lime- 
stone, being often at higher level than the sandstone, may 
extend beyond the latter up a concealed hill slope of gran- 
ite or porphyry and, thus, be often directly in contact with 
either of these latter rocks, or with the conglomerate derived 
from them. On the other hand, a thickening of the sandstone 
towards its source, an inclination of the floor or a slight dip, 
aided by erosion, may bring the sandstone to view at a higher 
elevation than the geologically higher limestone: This is the 
case in the vicinity of Doe Run; about three miles southeast of 
that place the sandstone, which underlies the limestune con- 
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taining the lead ore at the Doe Run mine, rises to the surface 
and is exposed in the bluffs of the hills to a thickness of 70 ft. 
or more. 

This bottom sandstone is encountered in the vicinity of Flat 
River at depths of about 400 ft. Eastward from that place, 
however, numerous drill holes put down in late years show that 
the sandstone rises higher and peo and, about two miles east 
of Farmington, it is exposed at the surface, on Wolf creek. 
Thence, in the same direction, towards St. Genevieve, this 
rock continues to occupy the surface to about the middle of 
the county. Limestone then comes in again with an eastward 
dip and is, in turn, succeeded by the overlying Saccharoidal 
sandstone described by Shumard. According to our views, 
then, the section along the line A-B, is as follows: 


St.Genevievea 
River 


Farnungten 


‘Sacen” UPPER 
A Devewiaw 


Fig. 3.—A generalized section across St. Francois and St. Genevieve counties, 
expressing the results of recent work. 


On comparing this section with fig. 2, on p. 224, it will be 
seen that the principal difference is that the sandstone, termed 
“Second,” overlies the limestone to the west in fig. 2, while, 
in fig. 3, it underlies it. The consequence is that this great 
body of limestone to the west, in St. Francois and Madison 
counties, instead of occupying the position of what have been 
called the Third or Fourth magnesian limestones is more prop- 
erly in the — of the so-called Second magnesian lime- 
stone, and the underlying sandstone becomes correspondingly 
raised in the stratigraphic scale. Further, if the reasons cited 
for placing the limestones of Madison county in the Cambrian 
are good, we are of the opinion that all of the great body of 
limestone described above as occurring in Madison and St. 
Francois counties belongs to this age and the underlying sand- 
stone and conglomerates also, as no stratigraphic break can be 
recognized throughout the section. This would bring the 
— limits of the Cambrian to the base of what has been 
called the Saccharoidal sandstone in Missouri, at least as iden- 
tified in St. Genevieve county. . 
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Art. XXVIII.— A Short Cycle in Weather ; by 


JAMES P. HALL. 


IF a diagram is drawn exhibiting the changes of daily mean 
temperature in New York City for a few months it will be 
discovered that these fluctuations occur every three or four 
days, on an average, but that some have much greater ampli- 
tude than others. In the course of four weeks, perhaps, there 
will be only two or three conspicuous rises nad § falls. Upon 
further scrutiny, there will be observed a tendency in these 
more prominent features of the curve to repeat themselves at 
intervals of about 27 days. Diagrams marked “Series I,” 
“Series II” and “Series III” are submitted herewith to illus- 
trate that tendency. The left hand vertical marks the true 
beginning of each cycle; and the right hand one, which is 
placed at a distance of exactly 27 days, the end; although for 
ed distinctness the curves are extended three days in each 

irection beyond the strict limits. In each of the three series, 
which cover different years, the point at which the second 
curve is intersected by the left hand vertical is exactly 27 days 
later than the corresponding point in the curve preceding, and 
so on through that entire set. 

Considering only the general features, and not the minor 
details of these traces, one finds a sort of repetition of both 
warm and cold waves in nearly the whole succession. Thus, 
in Series I (beginning with Aug. 18, 1889, and covering eight 
cycles in immediate succession) there is a marked rise, A, 
which in the first trace culminates on Aug. 21, and in the 
second on Sept. 17. Recurrences, more or less distinct, appear 
on October 12, November 9, December 9, January 3, January 
30, February 26 and March 26. In the third, fourth, fifth, 
sixth, seventh and eighth periods another warm wave, C, 
closely follows A at an interval of from four to eight days, 
the dates of climax being October 20, November 14, Decem- 
ber 13, January 6, February 5, and March 5. After C has 
become well developed, the cold wave E that followed A in 
the first three cycles becomes inconspicuous foratime. A and 
C may be regarded either separately or combined ; but one or 
the other, or both, recur with tolerable regularity. In the 
first curve of this first series, we find also a rather sustained 
warm spell, designated “ B,” having maxima on Aug. 31 and 
Sept. 6 (central point, Sept. 3). The rises of Sept. 26 and of 
Sept. 30-Oct. 1 (central point Sept. 28) imitate it, although 
the warmth is not well asteined. Recurrences appear on 
Oct. 27, Nov. 19-23, Dec. 19, Jan. 13-16, Feb. 12-14 and 
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March 12,13. Following B, muchas C did A, another warm 
wave, D, developed in the third curve on Nov. 2 and 3, and 
was reproduced Nov. 27 and 28, Dec. 25 and 26, Jan. 20, Feb. 
18 and weakly March 18. The second considerable decline of 
temperature in the first period, F, culminated Sept. 11. This 
was distinctly paralleled on Oct. 8, Nov. 5-6, Dec. 4, Dec. 31, 
Jan. 28, Feb. 22, and ineffectively March 19, when it had 
almost merged with H, a weak fall which separated B and D 
in the last six curves. 

In Series II, all within 1892, we have the warm wave A 
culminating Jan. 2 and 29 and Feb. 26. In the fourth, fifth 
and sixth curves it practically disappears; in the seventh, 
eighth and ninth, there is a hint of recurrence. Another 
warm wave, C, weak in the first curve, is strong enough in the 
second to check the reaction after A. It recurs weakly in the 
third curve, but has good parallels in the rest of the series. 
The first thermal depression after A in the first curve of this 
second set is really made up of two marked cold waves, reach- 
ing their greatest severity on Jan. 4 and 10. - The former is 
not well reproduced; but the second, F, is apparent right 
through the whole nine traces. In this series, as in the pre- 
ceding one, there is a second conspicuous rise in the curve, B, 
manitest at least five times in succession. Whether or not the 
less distinct elevations B’, in the other four traces, should be 
oe as repetitions of it, these latter are at least recogniz- 
able. Another warm wave, D, is in nearly every instance 
inferior in rank to the two or three ——s* in the same 
cycle (A, C and B); yet it has a certain weak individuality 
that entitles it to notice. A fifth tendency to warmth, shown 
in the two peaks grouped as E in the first curve, finds a paral- 
lel in the next, but none in the third and fourth ; and the sub- 
sequent imitations are too feeble to count. The warm waves 
B and D are at first fairly well separated by a fall in tempera- 
ture, G, but this gradually fails as D grows in importance. 
The reaction, H, after both B and D is in most cases greater 
than G in the first four curves; but in the latter half of this 
series it fades out of existence gradually, and cannot fairly be 
identified with H’ in the eighth and ninth traces. 

In Series III the same tendency of prominent features to 
reeur is at least equally obvious. 

In all three sets of curves, and in those for other years, this 
apparent disposition to repeat an incident is more conspicuous 
at some times than at others. At best, it is never very strik- 
ing; often a stretch of the imagination is required to perceive 
it. Seldom are all parts of a curve reproduced equally well in 
the next; some one member, perhaps, failing altogether to re- 
turn, or even being represented by a suena Occasionally a 
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large rise or fall occurs a little too early or a little too late to 
be regarded confidently as a repetition in the sense here meant. 
And if one were to employ this phenomenon as a basis for 
ay forecasting, he would experience frequent failure. 

et in spite of non-recurrences and regardless of the doubts 
which may arise as to the reality of the parallel in certain in- 
stances, there is still so strong a suggestion of periodicity as to 
command respect when attention is once directed to it; and, 
as will appear later, some of the failures and discrepancies are 
susceptible of reasonable explanation; so that investigation 
eventually strengthens one’s confidence in the genuineness of 


the phenomenon. 
‘ The first “4 the 
traces presented herewith re- 
SERIES Ill. last half, and the 
- resemblance may prove to be 
more than accidental ; so that, 
judging from this alone, one 
might believe that the true cycle, 
if there be one, is 13 or 14 days 
in length, rather than 27; but 
in Series III, as in others which 
might be offered, the latter in- 
terval seems to be requisite to 
make out the full outline; one 
portion having oscillations either 
of wider range or greater fre- 
quency than the other. Reduc- 
ing, then, the data embodied in 
all three series to tabular form, 
we find that while there is often 
a variation of a day or two from 
the exact period, only rarely does 
the departure amount to three 
days, one way or the other; 
. and the mean length of the 109 
cycles exhibited is 27:046 days, which must, however, be re- 
garded as only an approximate result. A slight change would 
be effected in this value by omitting from the computation 
some of the instances which have been employed but which 
may not properly belong therein. The temperature-curve in 
our latitudes is a very complicated affair, apparently including 
not only features that for convenience may be called accidents 
but also several fairly regular undulations of different lengths, 
which partially mask each other. But even after free elimina- 
tion from the evidence here exhibited and from other traces 
which might be presented, there still remains a residuum hint- 
ing strongly at a period of not far from: 27 days. 


Series I: 1889-90. 


March 5, 8 
B: Centr’l Pt., Sep. 3, **** 
C. Pt, Sept. 28, 25 
One peak, Oct. 27, 29 
C. Pt., Nov. 21, 25 
One peak, Dec. 19, 28 
G. Pt., Jan. 14, 26 
C. Pt., Feb. 13, 30 
March 12, 13, 28 


D: Nov. 2, 3, ahaa 
Nov. 27-8, 25 
Dec. 25-6, 28 
Jan. 20, 26 
Feb. 18, 29 
March 18, 28 
E: Aug. 28, 
Sept. 22, 25 
Gs: Oct. 23, 
Nov. 16, 24 
Dec. 15, 29 


C. Pt., Jan. 10, 26 
C. Pt., Feb. 8, 29 


March 7, 27 

F: Sept. 11, 
Oct. 8, 27 
Nov. 5, 6, 28 
Dec. 4, 29 
Dec. 31, 27 
Jan. 28, 28 
Feb. 22, 25 
March 19, 25 

Hi: Oct. 30, halal 
Nov. 26, 27 
Dec. 24, 28 
Jan. 17, 24 
Feb 16, 30 
March 16, 28 
Series II: 1892. 

A: Jan. 2, whe 
Jan. 29, - 27 
Feb. 26, 28 
March 23, 26 

C: Jan. 5,6, HERE 


Feb. 2, 27 
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Intervals at which Warm and Cold Waves Recurred. 


Date. Interval. 
A: Aug. 21, HERE 
Sept. 17, 27 
Oct. 12, 25 
Nov. 9, 28 
Dec. 9, 30 
Jan. 2, 24 
Jan. 30, 28 
Feb. 26, 27 
March 26, 28 
C: Oct. 20, 
Nov. 14 25 
Dec. 13 29 


Series II, continued. 


Date. 
March 1, 
March 26, 
April 23, 
May 18, 
June 13-17, 
July 13-15, 
Aug. 9-11, 
F: Jan. 10, 
Feb. 6, 
March 2, 
March 27, 
April 1, 
April 25, 


> 


July 1, 
July 31-Aug. 2, 
Aug. 27, 


Interval. 


231 
28 
25 
28 
25 if 
28 
29 
27 
27 
25 
27 
Jan. 6, 24 27 j 
Feb. 5, 30 May 21, 26 
June 18, 28 
July 17, 29 
Aug. 13, 27 
Feb. 8, 25 if 
Mar. 7-10, 29 
April 4, 27 
: May 2, 28 
June 22, 27 
July 20, 28 
Aug. 18, 29 
Feb. 15, 28 
Mar. 12, 26 
April 8, 27 
May 4, 26 
June 1, 28 
June 30, 29 | 
July 26, 26 I 
E: C. Pt. Jan. 24, ‘**## | 
Feb. 22, 29 
Mar. 
April 
May 9-12, 18 
June 6, 27 
July 2, 26 
July 29, 27 
Aug 25, 27 
G: Jan. 16, ante 
Feb. 13, 28 
Mar. 11, 27 
April 7, 27 | 
May 3, 26 
May 28, 25 
June 27, 29 
Hi: Jan. 20, 
Feb. 117, 28 
March 14, 26 
April 11, 28 
May %, 26 
; June 4, 28 
27 
HERE 
26 
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Series III: 1886. Date. Interval. 
Date. Interval. D: Jan, 12, 
Jan. 4, REE Feb. 5, 


Jan. 28 24 March 1, 
Feb. 25, 28 Mar. 27-9, 


March 25.-6 28 E: Jan. 24, 
Jan.17-21,, Feb. 20, 


. 13-19, 28 March 20 
April 10-13, 55 


That these and kindred oscillations in New York City are, 
in the main, representative of temperature-changes over the 
greater part of the United States becomes evident when one 
’ compares the curves for that place with those for St. Paul and 
St. Louis. Indeed, one may go beyond the Rocky Mountains 
for this purpose, although at first sight the result is a little un- 
satisfactory. The four traces presented in Series IV (covering 
August, 1891), are offered rather to illustrate than to demon- 

strate the close general parallel 

SERIES IV. between temperature-curves 

for stations in almost the same 
latitude, in a chain reaching 
nearly or quite across the con- 
tinent. ere the testimony 
of five years instead of a single 
month offered the resemblance 
would still hold good. In- 
deed, probably no meteorolo- 
gist would question it. It 
should be observed, however, 
that in point of time, there is 
a sensible difference between 
_ widely separated in 
ongitude, in which respect 
these curves are unlike traces 
of magnetic storms, which ex- 
hibit deflections all around the 
globe at ge sag the same 
instant of time. But a con- 
/ spicuous rise in temperature 
at New York is apt to be a 

day or two behind that at St. 
Louis, fully two days behind St. Paul, and sometimes nearly a 
week behind Utah. The eastward progress of warm and cold 
waves across the continent is one of the most familiar phenom- 
ena in meteorology. There is, in Series IV, for instance, a 
rise (A) at Salt Lake City, culminating there on Aug. 4, at St. 
Paul on the 8th, St. Louis the 10th, and New York the 10th 


232 

A: 

27 

° 27 

B J 28 

27 


J. P. Hall—Short Oyele in Weather. 233 


and llth. That these are intimately related appears from this 
fact: Such phases of the weather are associated with winds 
from lower latitudes, bringing warm air upon the scene; these 
southeasterly, southerly or southwesterly winds constituting 
of a system always to be found ee a region of low 

arometric pressure and prevailing on the eastern or southern 
sides of such depressions. When, therefore, one of these areas 
approaches a place from the west, and is passing, with its center 
north of the station, these warm winds dominate ; and when 
the depression has gone far enough to the eastward to permit 
the northwesterly and northerly winds of its western half to 
sweep over the spot, air from higher and colder latitudes is 
transported thither, and the temperature falls. These latter 
winds are also characteristic of the front of a high pressure 
system, such as usually follows the low area; and a study of 
these alternate “lows” and “highs” is the foundation of mod- 
ern meteorology. A map showing the distribution offair,pres- 


WEATHER MAP. m.. August 7, 1891, 


1 
and, 


sure on the morning of Aug. 7, 1891, is submitted, and the 
positions successively occupied by its center from the 3d to the 
10th indicated thereon. It will thus be seen that Utah came 
under the fullest influence of the warm winds of this system 
on Aug. 4, St. Paul on the 8th, and New York on the 10th. 
Its effect at the last named place and at St. Louis seems to have 
been — by the passage of a similar area from Mani- 


toba to the St. Lawrence Valley on Aug. 9-11. The high 
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pressure area overlying Utah, Idaho and Oregon on the 7th is 
associated with the cold wave (B) felt at Salt Lake City on that 
day, at St. Paul and St. Louis on Aug. 12, and New York 
Aug. 13-15 ; its effect being increased somewhat east of the 
Mississippi by another high pressure area from British Amer- 
ica, which merged with the first one on Aug. 10-11. By the 
time that the warm wave A had reached St. Paul the cold wave 
B was affecting Salt Lake City ; so that here, as in many other 
instances, the curve for the former station reverses that for the 
latter. But the reversal is only apparent. Upon making the 
proper time allowance, the parallel is found to be very close ; 
and, with easily explicable exceptions, it holds good the year 
round. When, however, any low or high area changes its size 
or shape materially, or follows such a route as not to present in 
an equally advantageous way its warm or cold winds, to a series 
of stations, the parallel fails; or if it exists, is accidental, not 
logical. Exceptions occur, for instance, when low areas or 
“storms” come into the United States from the north east of 
the Rocky Mountains, or from the Gulf of Mexico, by way of 
Tennessee to the lower Lakes, or skirt the Atlantic seaboard 
without coming inland at all, having originated in the West 
Indies. 

The influence of one of these tropical storms is revealed in 
Series IV. The cold wave C was well defined at St. Paul and 
St. Louis, but almost imperceptible in New York. This was 
because its progress was obstructed and its intensity reduced 
by the abnormal delay for five days (Aug. 21-25) of a depres- 
sion directly ahead of it. ‘This delay in turn seems to el 
been due to a slight high pressure barrier along the seaboard, 
raised, like snow in front of a plow, by the famous Martinique 
cyclone. That storm, crossing the Windward Isles on Aug. 
18, 1891, advanced slowly to the Bahamas, recurved there on 
the 23d and 24th, and then crept off to the northeastward. 
Had this interfering depression approached the Carolina coast 
more nearly, no doubt a very different effect would have been 

roduced. Theinland storm would have merged with it, escap- 
ing quickly to the ocean; the northerly winds in the front of 
the anticyclone over the Mississippi Valley would have quickly 
reached the coast, and would have been intensified. Indeed, 
while this particular high pressure area was retarded until it 
almost: died out, the next one after it, though insignificant in 
the west, was rendered more boisterous and chilly by the suc- 
tion of the West India storms, which, by the 29th, was off 
Nova Scotia. That is the day on which New York experi- 
enced the cold wave marked C’. 

The deflection of a low area, whose center has kept north of 
St. Paul and St. Louis, but which goes out onto the ocean south 
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of New York City, is another occasional cause of discrepancy 
in the parallel. 

But the general uniformity of storm tracks is conspicuous 
enough in spite of these freaks to produce a strong resem- 
blance between the temperature curves for the four stations 
specified, and for intermediate ones; and they will therefore 
be found to exhibit much the same periodicity as is observed 
in New York City. And since the same laws of storm move- 
ment and wind direction prevail in Europe and Asia as in 
America, and in the Southern as in the Northern Hemisphere, 
subject to certain local modifications, it is probable that the 
tendency of certain weather changes to recur at intervals of 
27 days, observed in this country, may be found to exist in 
corresponding latitudes elsewhere.* 

If, as seems to be the case, the immediate cause of warm 
and cold waves is wind-direction, then the intensity of the 
former must be proportional to the size and depth of the 
barometric depressions, and to the breadth and height of such 
anticyclones as 208 to be adjacent thereto on the south. 
The greater the heaping up of air in the latter and the 
greater the rarefaction in the former, the steeper will be 
the gradient between the two systems, and the wider and 
stronger the sweep of the atmospheric currents. Examina- 
tion of the daily weather maps for the three periods covered 
by the temperature curves in Series I, II and III, ought to 
show whether or not this isa sound conclusion. Such scrutiny 
does, on the whole, warrant confidence in the existence of such 
arelation. But the inquiry is more complicated than might 
be supposed. Were all storms symmetrical or even similar in 
shape and size, and were their routes always the same, and 
were high pressure areas also alike in dimensions and move- 
ment, the investigation would be very simple ; but such dif- 
ferences exist among lows and among highs, and such are the 
distortions of figure in instances, that the comparison does 
not yield entirely harmonious results. One encounters occa- 
sional anomalies. 

Thus the warm wave A in the first curve of Series I was 
associated with a barometric depression whose center was mov- 
ing eastward over Ontario on Aug. 21, 1889. This was the 
most conspicuous low area that had crossed the country for ten 
days, and it had no equal for nearly a fortnight afterwards. 
The warm wave was correspondingly preéminent. This is a 

* Something of this sort, noted at Innsbruck and Paris by Nervander, and by 
Buys Ballot at Harlem, Danzig and Zwanenburg, is mentioned at page 80, in 
‘Die wichtigsten periodischen Erscheinungen,” by Herman Fritz, of Zurich, who 
himself contributes further data of the same kind on pages 396-8, exhibiting 


a single or double oscillation in temperature at several other European stations, 
four points in the Arctic regions and one in Africa. 
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clear case, and most of the principal rises of temperature ex- 
hibited in all these traces were similarly associated with more 
than usually intense storms, whose centers kept north of New 
York while passing eastward to the Atlantic. The warm wave 
A, in the sixth curve, Series I, culminating on Jan. 2, 1890, 
however, was not related to a deep depression but to a shallow 
one. But as the pressure over Georgia at that time was 
exceptionally high, the necessary gradient existed for an exten- 
sive movement of air from the warm southwest. This instance 
is typical; and several other apparent exceptions may be ex- 
plained by similar situations. After all, it is not the actual 
barometric readings, but the contrasts, which explain wind 
force. These cases of high pressure over the South Atlantic or 
East Gulf States, moreover, suggest the possibility that not only 
are rapidly moving high and low areas intensified at times, but 
that the snb-permanent high pressure area which in an almost 
continuous belt extends around the globe along the 30th par- 
allel of latitude, is also subjected to an occasional intensifica- 
tion. The warm wave B, in the first curve, Series II, eul- 
minating in New York on January 14, 1892, was as conspicu- 
ous as any exhibited in the whole set of traces; yet it had no 
precedent at St. Paul or St. Louis. This was because the storm 
to which it was related, instead of coming across the continent 
near the northern frontier, entered from the Gulf of Mexico 
and pushed up to the St. Lawrence Valley by a route which 
brought New York under the influence of its southerly winds ; 
while places west of the Alleghanies were not so affected. On 
May 18 and 19, 1892, astorm of exceptional intensity prevailed 
over Lake Michigan, and came eastward on the two following 
days. New York, however, had a cold wave, not a warm 
one, in consequence. This was because a high pressure area 
over New England and the British Provinces obstructed the 
advance of the storm along its proper route—the St. Lawrence 
Valley—and forced it to reach the ocean by dipping down 
toward the Virginia coast. The metropolis, therefore, ex- 
perienced strong northeasterly winds instead of southerly 
ones. Thus, the failure of the temperature-curve to rise at 
the expected time is explained; and the recurrence of storm 
activity when the 27-day period required it, really happened. 

Most severe cold waves, in like manner, may be shown to be 
associated with the strong northwesterly winds prevailing be- 
tween a very deep depression which has just passed and a mod- 
erately high pressure area behind, as on Sept. 22, 1889. (E, 
second curve, (Series I) or between a moderate low and a big 
high, as on Oct. 23, 1889 (C, third curve, Series I), or between 
a a and a high that are both very intense, as on Feb. 21, 
1890 (F, eighth curve, Series I). But sometimes, as on Dec. © 
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15, 1889 (G, fifth curve, Series I), the cause seems to be 
inadequate to the effect; and again, as on Jan. 10, 1892 (E, 
first curve, Series II), the results are not quite as great as 
possibly one might expect. In the former case, however, with 
only a moderate high and a shallow low, there was a great 
intensification of the storm after it passed out on the Atlantic, 
beyond the range of the weather maps, but while it was still 
near enough to affect the coast by increasing the gradient and 
wind force; and in the latter, with an exceptionally large anti- 
cyclone over New Brunswick, the fall would undoubtedly 
have been greater had not the temperature already been 
greatly lowered by a previous high pressure area, and by a 
storm going out to sea south of New York City. 

So many of the apparent exceptions to the rule may be 
reasonably explained away, that one is justified in believing 
that the few remaining ones would disappear with more care- 
ful analysis, or in the light of conditions on land and sea 
contiguous to the United States but not represented on the 
ordinary charts. There is strong reason, therefore, to believe 
that, in the main, if not entirely, the temperature phenomena 
here exhibited are directly related to the distribution of air 
pressure, and that the atmosphere, owing either to the in- 
creased operation of the cause or causes (whatever they may 
be) which originate storms, or to the supplementary influence of 
some other cause, is persuaded periodically to arrange itself in 
high and low pressure areas of more than usual intensity. 

he fact that the periodicity observed in the United States 
has also been noticed in Europe and in the Arctic regions 
leads one to suspect that the exciting cause is cosmical and not 
terrestrial. The 27-day period imperfectly revealed in the 
weather corresponds nearly to that of the sun’s rotation. 
There are tremendous disturbances on that orb which appear 
to us as spots and prominences. And a relation between these 
solar storms and auroras and other phenomena in terrestrial 
magnetism has long been believed to exist. So that it is 
natural to seek for a connection between important meteor- 
ological episodes and the reappearance, by the sun’s revolution 
upon its axis, of spots, facule, or something else 
even more permanently located upon that immense giobe. It 
is not surprising to find, therefore, that nearly 20 years ago 
Broun suspected the existence of certain. meridians* on the 
sun which might be particularly potent in exciting auroras and 
magnetic storms. Buys Ballot, it will be remembered, re- 
ferred the fluctuations which he observed to “heat holes’’ or 
areas of higher or lower temperature on the solar surface. In 
line with these ideas was the belief of Prof. Spoerer that cer- 


* Encyclopedia Britannica; article on Terrestrial Magnetism, Section 86. 
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tain regions on the sun were predisposed to spottedness, 
although this theory still lacks confirmation. As early as 1883 
we find Henry C. Maine, a journalist and amateur astronomer, 
trying to connect atmospheric storms with solar disturbances. 
For nearly ten years, in “The Rochester Democrat and Chron- 
icle,” he has been printing paragraphs every few days in 
illustration of this supposed relation. By or before 1889, how- 
ever, he had concluded that the influence exerted was elec- 
trical, and proceeded from the sun’s “streamers,” but without 
indicating exactly what he meant by this term.* Mr. Maine, 
like some other observers, has noticed frequent coincidences 
between disturbances of the magnetic needle and the outbreak 
of severe terrestrial storms somewhere on the globe. Dr. M. 
A. Veeder, of Lyons, N. Y., long a student of auroral phe- 
nomena, has also been led by his own researches to think that 
there are certain solar meridians, or permanent sites, that dis- 
turb the earth’s magnetism, and affect our weather. He and 
Mr. Maine further believe that the excitement, magnetic and 
meteorological, is produced, chiefly if not exclusively, when 
the solar storm or more permanently located region of influ- 
ence is coming into view on the sun’s eastern limb by rotation ; 
the former gentleman confining the efféct rather to the first 
two or three days after such reappearance, while the latter 
extends the interval at least to a meridian passage. 

These intuitions of American and foreign students contain 
unquestionably much of value, even if the precise truth has not 
yet been ascertained. But either in quantity or manner of 
presentation, or both, the testimony thus far offered to the 
public has not been adequate to secure general acceptance for 
these interesting theories by men trained to strict scientific 
methods; nor have official bureaus, with all their enterprise 
and sense of responsibility, felt warranted in utilizing these 
suspicions for practical forecasting. The International Mete- 
orological Conference in Munich in 1891, however, advised 
that all such Government institutions give special attention to 
the relations between meteorology and terrestrial magnetism. 
Upon his return to Washington, Prof. M. W. Harrington, 
Chief of the United States Weather Bureau, secured for this 
purpose the services of Prof. Frank H. Bigelow, whose 
original and valuable contributions to the study of solar 
physics and whose exhaustive and ingenious methods of in- 
vestigation inspired much confidence in his ability to unravel 
this mystery, if there be one to unravel. Prof. Bigelow’s in- 
quiry is not yet completed ; and the result of his work thus far 
has not been made public to any great extent. Yet in a 
pamphlet from his pen, issued by the Weather Bureau last 


* Frank Leslie’s Illustrated Weekly, Aug. 31, 1889, 
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August, he declared that he felt able to show that a real rela- 
tion does exist between magnetic and meteorological phe- 
nomena. 

This assurance and the facts adduced in the present article 
suggest the following questions: 

(1) What is the sun’s exact synodical rotation-period? This 
needs to be determined accurately before we can make it the 
basis of comparison with terrestrial phenomena. The testi- 
mony of spots, magnetic storms, auroras, and spectroscopic 
observation of the sun’s motion at the limbs is conflicting and 
diverse, yielding results all the way from 26 to 29 days. The 
mean time required for spots to reappear on the solar dise has 
been estimated at the Greenwich Observatory to be 274 
days; butas yet we are not justified in regarding even this as 
tinal or representative of the whole orb. 

(2) If the periodicity in terrestrial weather be due to the 
return, by the sun’s rotation, of some important solar feature, is 
that feature a spot, facula or prominence, liable to develop 
in any longitude, and seldom existing for much more than 
three or four rotation-periods, or is it a permanent center or 
site? In the former case, the recurrence of any particular 
weather incident could only be counted upon a few times; in 
the latter it might be predicted not only months, but even 
years in advance. In the traces here reproduced, for instance, 
a warmn wave, like C in Series I, will appear, without any 
immediate precedent, and subside after a few appearances. 
In some such cases purely terrestrial and local interferences 
can be discerned; in others, the reason for subsidence is not 
apparent. This would seém to favor the notion that a short- 
lived solar disturbance was the agent. On the other hand, 
the traces in Series I represent a minimum of the 11-year 
sunspot cycle, while Series II represents a period, which, 
according to Dr. Rudolph Wolf (whose “sunspot numbers” 
are aiey accepted as a standard), exceeded in evidence of 
solar activity the last maximum stage.* Yet the periodicity 
of the temperature-changes is about as distinct and the ampli- 
tude nearly or quite as great, in one series as in the other. 

(8) If the exciting influence is associated with one or more 
permanent sites, is the occasional subsidence and revival ob- 
served in its effects due to variations in the energy itself, to 
unequally advantageous positions resulting from the inclina- 
tion of the sun’s axis, or to some unequal terrestrial masking 
or interference? Perhaps an answer to this can be found 
more easily when the following question is disposed of : 

* The mean of Wolf's monthly numbers from Sept. 1, 1889, to March 31, 1890, 


is 3°5; for the year 1883, 62°8; for 1884, 63°3; for the first nine months of 1892, 
74:0. 
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(4) Is this exciting influence thermal or magnetic? Dr. 
Keeppen, a division officer of the North German Weather 
Service, believes that as between the maximum and minimum 
stages of the 11-year sunspot cycle, there is enough difference 
in the heat received from the sun to be sensible at the earth’s 
equator, and to have an effect on the general circulation of the 
air.* This is in conflict with the view that the variations 
in solar radiation are too slight to be appreciable; but if it 
were true of the 11-year cycle, it might also hold good for 
shorter periods. Fritz’s evidence of a 27-day temperature 
oscillation at Vivi on the Congo for a single year, is inade- 
quate to prove this. But were a similar phenomenon noticed 
at a dozen or more widely separated equatorial stations, the 
fact would possess great significance ; since along the Equator 
there are no cyclonic systems passing, with winds coming first 
from a warmer and then from a cooler quarter. Moreover, 
Lockyer has presented some spectroscopic evidence of the 
occurrence of great changes from year to year in the temper- 
ature of spots,t which has not yet been followed up to a satis- 
factory conclusion. The discovery of a “heat pole” on the 
sun, such as Buys Ballot believed in, would harmonize well 
with a periodical temperature oscillation outside the range of 
moving high and low pressure systems, and also with the 
thermo-dynamic theory of storm formation and intensification, 
of which Espy, Abbe and Ferrel have been such able expound- 
ers, but against which a fresh revolution has recently broken 
out in meteorological circles. On the other hand, great mag- 
netic storms have long been regarded, but without much proof, 
as precursors of weather changes; and in many isolated in- 
stances, like the great typhoon which smote Mauritius on 
April 29, 1892, notable atmospheric disturbances have been 
immediately preceded by exceptional agitation of the needle. 
Dr. Meldrum, for forty years Secretary of the Meteorological 
Society of Mauritius, has long believed such coincidences to 
be significant, and he is not alone in that belief. 


* Hann's “ Klimatologie,” p. 707. 
+ ‘Chemistry of the Sun,” pp. 310-24. 
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Art. XXIX.—Kilauea in August, 1892; by Frank §. 
Dope, Assistant Hawaiian Gov’t Survey. 


By direction of Prof. W. D. Alexander, Surgeon General, 
the writer was sent to Kilauea in August, 1892, to make such 
surveys as were necessary to determine the change that had 
taken place since the last survey in 1888. 

While it is unfortunate for the history of Kilauea in recent 
years that no instrumental survey was made immediately after 
the great break-down of March, 1891, we have estimates by 
careful observers of the pit at that time, which range from 
450 to 500 feet below the edge, or 750 to 800 below the Vol- 
cano House datum, as compared with 900 feet after the col- 
lapse of March, 1886. In this article, and the accompanying 
plans and sections, all elevations are referred to the same 
datum, as in my survey of 1886, viz., the veranda floor of the 
old Voleano House, which is approximately 4040 feet above 
sea-level. 

Arriving at the volcano on the 18th of August, we began 
the survey on the morning of the 19th, several points on the 
main floor of Kilauea being located by triangulation, and their 
heights obtained. The summit of the present floor is no 
longer at “Central Rock” as in 1886, and 1888, but is now 
about one-fourth of a mile to the westward, and sixty feet 
higher, the great cone having built up by extensive overflows 
from Haulema’uma’u, between July 1888, and March, 1891. 
Careful observations from well-determined points show that 
Central Rock has not changed its position, and it thus forms 
a good point of referenve for the survey of 1888, and that 
recently made. 

From triangulation, with “Uckahuna” and V. H. A as a 
base, four points on the edge of Halema’uma’u were accurately 
located a their elevations determined, and from these points 
the whole periphery was surveyed by stadia measurements. 
From these same points, a large number of sights were taken 
on small flags on the very rim of the burning lake, to closel 
fix its exact size, shape and elevation, and the results are a 
given on the maps. 

This survey gives the total area of Halema’uma’u as 100°4 
acres, and that of the active lake as 12-1 acres, or equal to 
that of a circle with a diameter of 820 feet, which is much 
larger than any lake in Kilauea in recent years. Dana Lake 
in 1888 was not more than 300 feet in diameter or 1°6 acres in 
area. The present lake is nearly circular in form, its longest 
diameter being 860 feet, and the shortest 800 feet. The 
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entire rim stands at about the same level—519, or about 240 
feet below the edge of Halema’uma’u, at the eastern station. 


2 


| | 


Plan of Halema’uma’u, with cross-sections, in July, 1888. 
Horizontal scale, 1 inch = 1250 feet; Vertical scale, 1 inch = 500 feet. 
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During my various visits, covering a period of seven days, 
the lava was about three feet below the rim, on an average,— 
but was subject to a variation in level of four or five feet. 
Frequent breaks occurred in the rim, from which large flows 
took place, in some cases covering several acres of the floor. 
One large flow on the night of Angust 25th, extended to the 
foot of the talus slope, on the north and east sides, and cov- 
ered about one-third of the floor, and raised its level from one 
to four feet. The lake itself and the surrounding area are 
rising slowly but surely, and it seems to be a matter of only a 
few months when Halema’uma’u will again be filled to the 
brim, and run over the sides, building up the main floor of 
the crater, as it did in 1888-91. 

The deepest portions of the pit are at the foot of the talus 
slopes on all sides, with a gradual rise of ten or fifteen feet 
towards the rim of the lake, and then a more abrupt rise to 
the lake itself, as shown in the sections. 

The lake was at times very active, with fountains playing 
over its surface in every direction, as many as fifteen being 
counted at ‘one time by a careful observer. The greatest 
activity was at or near the center, where the largest fountain 
played almost continuously, and along the edge near the south- 
west side of the lake, where the overflows were most frequent. 
But at no time was the entire surface at rest, as was the case 
in Dana Lake during the short periods of my visits in July, 
1888. Small fountains were always to be seen in some local- 
ity, and the whole surface was marked by long irregular seams 
or cracks always in motion. It was an interesting and fascin- 
ating sight, as we watch the ever-changing features of the lake, 
from our point of view on the north bank, some 250 feet 
above it. 

The surrounding walls of Halema’uma’ are absolutely ver- 
tical on all sides, with one exception for 100 feet or more, 
from the upper edge to the talus slope, and at that one place 
only is it well to attempt a descent into the pit. On the 
northeast side for a short distance, the walls are broken down, 
and here it is possible for visitors to descend to a point 40 feet 
or more below the level of the lake, and then to climb up to 
the very rim of the lake. It is not difficult for a good climber, 
and several parties of ladies have recently accomplished it 
without great risk. The descent and the nearer views of the 
lake, are well worth the extra trouble and fatigue, but care 
must be taken to avoid the strong currents of sulphurous 
vapors to be found on the lee side of the lake. Their pres- 
ence was much more noticeable than around the lake in 1888. 

Mr. 8S. E. Bishop, in his article of April, 1892, has well 
described the condition of the lake, and in its most import- 
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ant features, his description applies to its condition in August. 
Considering the means at his disposal, his results are very close 
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Plan of Halema’uma’u, with cross-sections, in August, 1892. S. C. Summit of 
Cone; 0. S. Old Summit (Central Rock), 1886-88. 
Horizontal scale, 1 inch = 1250 feet; Vertical scale, 1 inch = 500 feet. 
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approximations, and show careful work, but the later instru- 
mental survey shows that he overestimated the diameter of the 
lake by about 100 feet. His diameter of Halema’uma’u, 
2,400 feet, agrees very nearly with mine, as given in the table 
at the end of this article. 

As shown on Bishop’s map of April, and my later one, the 
location of Halema’uma’u is almost identical with that of 1886, 
and the new lake is exactly over the mouth of the great fun- 
nel-shaped depression shown by Mr. J. S. Emerson in April, 
86, but eastward of the Dana Lake of 1888. The area of 
Halema’uma’u is not much less than in ’86, being about 100 acres’ 
as compared with 153 acres by Mr. Emerson’s survey. 

Of the general condition of Kilauea little may be said, as 
the changes are hardly noticeable. With the building up of 
the Halma’uma’u cone, in the period from 1888 to March, 1891, 
the summit was changed from Central Rock, with an elevation 
of —321 to a point directly north of the great pit, with an 
elevation of —262, a rise of 59 feet. The whole region to the 
east and south, by the same agency was raised until it exceeds 
Central Rock in height by about 40 feet, and on the west side 
about 30 feet, making the conical form of Halema’uma’u more 
noticeable. 

The trail over the old floor of Kilauea has been improved 
somewhat and marked by stone monuments at frequent in- 
tervals, throughout its length, and there is a trail entirely 
around Halema’uma’u, and another leading to some interest- 
7 southwest of the pit. 

he new Volcano House is a vast improvement over the 
old one, and should be well patronized by tourists and others, 
as it is exceedingly well conducted, and all necessary comforts 
are provided by the present management. 

ith the completion of the new Government road from 
Hilo, the Volcano of Kilauea should have a much larger num- 
ber of visitors than ever before. 

In making my recent survey, valuable assistance was ren- 
dered by Mr. W. E. Wall, of the Government Survey, and 
also by the managers and guides at the Volcano House. 


Dimensions and Elevations in Aug., 1892. 


Diameter of Halema’uma’a, N.—S., 2,500 feet. 
“ “ E. 2,250 


2,400 
“ 2,400 
vad Greatest, 2,600 
« Least, 2,150 


J 
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Diameter of Lake, N.-S., 850 feet. 
“ E. Wa 830 
Greatest, 860 “ 
Least, soo 


Area of Lake, Aug., 1892, 12,13, acres. 
Halema’uma’u, 10034, “ 


Elevations, Aug., 1892. 


Halema’uma’u, North, —262 feet, =highest point of cone. 
—278 
se — 283 
—300 

Lowest point in pit, —565 at foot of slope. 

Depth of pit, 265 from Hal., N. W. 


Rim of Lake —519 feet. 
Surface of lava in Lake, —522 “ 


Art. XXX.— Address delivered before the American Metro- 
Society, Dec. 30, 1892, by the President, Dr. B. A. 
OULD. 


THE year just elapsed has, like its immediate predecessors, 
borne witness to the steady growth, in public opinion, of the 
reforms for which the American Metrological Society was 
established and to which it has earnestly devoted itself, so far 
as the resources at its disposal and the earnest efforts of some 
of its members have permitted. The hoped-for action of 
Congress in making the employment of the metric system 
imperative in the United States Custom-houses, as recom- 
mended by the late Secretary of State and urged by a very 
large number of petitions from various parts of the country, 
has not been successful, although the interest of many mem- 
bers of Congress appears to have been enlisted, and earnest 
correspondence with some has been carried on. The confi- 
dent expectation that a committee at Washington might be 
influential in keeping the subject constantly before the minds 
of our legislators has likewise not been fulfilled; owing possi- 
bly in part to the many exciting matters ot political discussion, 
which have been exceptionally prominent. 

But the careful observer cannot fail to notice the increase in 
knowledge of the metric system among our people, and the 
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constant accession to the number of its advocates. The tech- 
nical societies, especially the Zechnischer Verein of Americans 
of German origin, and the American Pharmaceutical Society, 
have been actively useful in this respect; and I cannot with. 
hold the expression of my full conviction that a comparatively 
little more organized and well-directed effort will suffice for 
making the first steps in an advance which must end in the 
ractically general adoption of the system in the United 
tates. 

Elsewhere the movement has been analogous. In those few 
nations where the use of these weights and measures has not 
been fully established by law, the tendency to their employ- 
ment has been constantly increasing to a notable extent ; and 
in those where their use, although prescribed by law, has not 
yet become generally adopted by the people, the same tend- 
ency is constantly asserting itself. 

In short, it may be unhesitatingly declared that the employ- 
ment of the Metric System is constantly increasing throughout 
the civilized world, and that its advantages, commercial, social 
and scientific are everywhere becoming better appreciated. 

The most important researches, experiments and compari- 
sons for the perfectionment and application of the system are 
of course those which are carried on at the International 
Bureau, established for the purpose near Paris by the joint 
action of most of the civilized nations of the world. ere 
the elaborate comparison of national prototypes with the two 
international enes which now serve as the definitions of the 
meter and the kilogram, has been essentially completed, so 
that the Bureau is becoming better able to devote a share 
of its attention to the investigation of other of the important, 
subjects which demand its care. 

One of these to which attention has been directed during 
the past year has been the relation of the yard to the meter, 
which may now be regarded as definitely settled within one or 
two units of the fourth decimal. The researches of Dr. 
Benoit, Director of the Bureau, of which I had the pleasure 
of giving you some account a year ago, established the true 
length of the Zoise du /’érou, Bessel’s toise, and the toise No. 
9, and thus brought harmony into the previously conflictin 
results of some of the geodetic surveys. Our colleague a 
Secretary, Mr. Tittmann, has studied the various determina- 
tions by the English and American authorities, and after 
deducing their appropriate corrections, inferred a value of 
39°3698 inches as representing the true relation of the inch to 
the meter. This differs by little less than a full thousandth of 
an inch from the value which had been generally accepted and 
incorporated into the British Act of Parliament of 1878. 
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During the past year Dr. Guillaume, assistant in the Bureau, 
has investigated the same question, availing himself of inde- 
= data. Using the results obtained last year by Dr. 

noit, according to which, at the temperature 16°-25 C., 


mm 
Bessel’s toise = 1949061 
Toise No. 10 = 1949-060 


and accepting the determination of Clarke 
Toise No. 10 = 2°1315091 yards 
we have the result 


1™ = 39°3699 in. 


which differs from our Mr. Tittmann’s previous result by only 
one ten-thousandth part of an inch. 

The relation of the British measure of length to the meter 
seems thus very closely determined; but the same is now to 
be still further examined by a direct comparison at the Inter- 
national Bureau of the two principal standard yards, which 
will be taken to Breteuil for the purpose by the Warden of 
the Standards. 


At our annual meeting a year ago, I had the pleasure of an- 
nouncing that arrangements had been essentially completed 
for the determination of the meter in lengths of light-waves 
corresponding to known and easily reproducible rays of the 
spectrum. In spite of some serious difficulties this plan was 
successfully carried out. Its execution was confided to Prof. 
‘Michelson, who was granted a six months’ leave of absence for 
the purpose by Clark University. Through his exertions the 
apparatus was completed in time for him to take it to Paris in 
the first week of July last, and he bas been assiduously occu- 
pied with the measurements. Although these are not yet 
absolutely completed, only a few more weeks of labor will 
probably be necessary to conclude the investigation, which has 
been attended with the most gratifying success. Prof. Michel- 
son discovered during the last spring, that the metal cadmium 
afforded three rays, sufficiently monochromatic for the pur- 
oses, and situated respectively in the red, the green and the 
lue. The number of wave-lengths to the meter for each of 
these will soon be fixed with extreme accuracy, and the meter 
thus brought into relation with natural units; so that, were 
every metric prototype in existence to be lost or destroyed, 
it would still be possible for the meter to be restored by future 
generations, with accuracy to less than half a micron. 
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The feasibility of this investigation, which has sometimes 
been made the subject of doubts, expressed or implied, has 
thus been fully demonstrated, and in the most effectual and 
gratifying way. 


It may be added that this method of measurement, which 
has been so successfully employed by Prof. Michelson in de- 
fining the length of the meter, seems applicable to many other 
physical researches, and will doubtless take its place among 
the most accurate and important modes of measuring linear 
dimensions, especially small ones. The processes by which it 
has been possible to extend its application to the full length 
of a meter-bar are very ingenious, and must reflect great 
honor upon the gifted physicist who devised and executed 
them. 

Other important metrological investigations have been car- 
ried forward with energy during the year, among which I may 
mention the extension of the hydrogen-scale for thermometers 
to very low temperatures, where the alcohol-scale becomes un- 
trustworthy. For practical use in determining temperatures 
below —60° C., reason has been found to believe that the em- 
ployment of toluene, or of ethylie alcohol, will be found ser 
viceable. This question, as also that of the definite fixation 


of the hundredth degree below 0° C., has received much at- 
tention and the investigations are approaching definite results. 


It may be known to some of the society that a physicist in 
the Netherlands, Mr. Bosscha, published some sharp criticisms 
of the comparison of the recently established fundamental pro- 
totype of the meter with the Métre des Archives the length of 
which it had been intended to reproduce. The boldness of the 
assertions was such as to cause some uneasiness among those who 
were not especially conversant with the methods employed; 
although in one sense such an error as was alleged would only 
possess a historic importance, since the new International Pro- 
totype has been definitely adopted for the definition of the 
meter. Yet inasmuch as it had been desired to reproduce the 
length of the old Métre des Archives with all attainable pre- 
cision, any appreciable deviation from this length would have 
been a source of much regret. The elaborate comparisons 
from which the assumed equality was deduced have been sub- 
jected, during the last summer, to a new and very detailed re- 
computation by the Director of the International Bureau, and 
yield the same result as before. Mr. Cornu has investigated 
the whole matter anew, and has discovered the source of the 
discrepancies in erroneous methods employed by Mr. Bosscha, so 
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that the question is now definitely disposed of. The inference 
is justified that there is no appreciable difference of length be- 
tween the two standards. Although the Métre des Archives 
is an end-meter, or métre-a-bouts, made of a relatively soft and 
flexible metal and its extremities adjusted by filing, while the 
International Prototype gives the meter by the distance be- 
tween delicate lines traced upon platiniridium, yet the prob- 
able error of the comparison, which gives zero as the difference 
of length, cannot exceed one micron, a limit of error twenty-five 
times smaller than the tolerance fixed upon by the constructors 
of the original standard. 


It has seemed to me that this sketch of some of the work 
of the International Bureau would have interest for you, as 
showing the advances made in metrology during the present 
year. Other important physical researches for metrological 

urposes are in prosecution and promise valuable results, at 
east from a scientific point of view. Meanwhile the compari- 
son of the chief standards of most countries, whether metric or 
otherwise, including geodetic bars and those possessing historic 
value or interest, has been steadily going on, and most of those 
standards of length which are now, or have in comparatively 
recent time, been employed in important measurements, have 
now been compared with the International Prototype. 

During the current year our efficient Secretary has dis- 
tributed nearly 4,500 metric charts, and as many pamphlets, 
circulars and blank petitions,—as you will learn from his re- 
port. It is impossible that these should not bring in due time 
a fitting return, in the shape of renewed interest throughout 
the land in the reforms for which we are striving. 

In these remarks I have referred chiefly to the metric sys- 
tem of weights and measures, upon which by common accord 
the efforts of our society are at present concentrated; leaving 
aside most of its many other ends. Let us trust that by com- 
mon effort the first victory may soon be achieved and leave us 
freer to prosecute some of the other purposes of the society. 
This requires individual effort, exerted according to organized 
method. 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PHysIcs. 


XQ. Energy as a Dimensional unit.—In a communication to 
the Munich Academy, Ostwatp has suggested the substitution of 
the unit of energy for the unit of mass as one of the three funda- 
mental units of an absolute system; so that in this case all physi- 
cal magnitudes would be expressed in units of energy, length and 
time. The assumption that all such magnitudes can be expressed 
in units of mass, length and time, appears to him a false one. It 
is not possible in his opinion, for example, to express in centimeters, 
grams and seconds the value of the temperature of melting ice, 
of the chemical affinity between hydrogen and chlorine, or of the 
electric pressure of a voltaic element. There can be no doubt 
to-day that energy is the most important quantity in physical 
science. While mass may be the fundamental quantity in 
dynamics, energy is the only magnitude which is common to all 
branches of physics. The mutual convertibility of the various 
forms of energy is the single bond which unites the theories of 
heat and of electricity, of chemistry and of dynamics. Starting 
from the principle of virtual velocities, which is capable, the 
author thinks, of a more rational expression than that of virtual 
work, the extension of the energy idea over the entire province 
of physics and chemistry may be formulated as follows: In order 
that any system whatever containing forms of energy shall be in 
equilibrium, the necessary and sufficient condition is that for 
every displacement of the system consistent with the conditions 
of its existence, the sum of the quantities of energy which appear 
and disappear shall be equal to zero. Mass is defined by Ostwald 
as “the capacity of an object for the energy of motion.” The 
following table shows the changes in the dimensional magnitudes 
of various units required by the new system: 


Old Units. New Units. 
Ener: ml? t-2 
mae” [m] 
Momentum mlt-1 
Force 
Surface-tension [ml-? 
Pressure 
Activity [m2 


With regard to the electrical magnitudes [] the unit of quan- 
tity and [e] the unit of electromotive force, we have [e]=[eu]; and 
hence the dimensions of [u]=[ee~!.] In the same way the 
dimensions of the unit of current becomes [ee~1¢-1] and of the 
unit of resistance [e~1e*¢.] So that the dimensions of electric units 
may be represented in one of two ways according as é or yp is 
made the fundamental unit :— 
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Quantity [ee1] 
Electromotive force [e] 
Current 
Resistance eu *t 
Conductivity [e~1 | 
Capacity [ee-?] 


Leitschr. physikal. Chem., ix, 563, June 1892; J. Chem. Soc., 1xii, 
1149, Oct., 1892. G. F. B. 

2. On the Permeability of Precipitated Membranes.—As long 
ago as 1867, Traube expressed the opinion that precipitated mem- 
branes are porous, the pores allowing the smaller water molecules 
to pass but not the larger molecules of the dissolved substance ; 
the membrane acting like a sieve. In 1890, Ostwald modified this 
view by suggesting that the permeability of the membrane re- 
ferred, not to the salt molecules as a whole but rather to their 
ions. So that a salt, both ions of which can traverse the membrane, 
can pass through it as a whole; while if one of the ions is stopped 
by the membrane, the salt itself is also stopped. Tammann has 
tested these views experimentally, by preparing three membranes, 
tannate of gelatin, zinc ferrocyanide and copper ferrocyanide, and 
then determining their permeability to seventeen acids and salts 
in solution in water. In accordance with the molecular sieve 
theory, the order of permeability of the three membranes was 
found to be the same for all the substances dissolved. Moreover, 
it was found that acids diffuse through a copper ferrocyanide 
membrane in the order of their strength; i. e. of the degree of 
their dissociation into ions, thus indicating that it is rather the 
ions that pass through the membrane and not the acid itself. 
The diffusibility of hydrochloric acid being 9°0, that of trichlor- 
acetic acid was found to be 6°6, of monochloracetic acid 3°3 and 
of acetic acid 2°6. Experiments with a large number of salt solu- 
tions, to determine their power to pass through different mem- 
branes, gave anomalous results. Thus while the chlorides, bro- 
mides and nitrates of potassium, ammonium, sodium and lithium 
pass readily through membranes of copper ferrocyanide, the cor- 
responding sulphates diffuse with much greater difficulty, and the 
membrane is impermeable to salts of calcium and magnesium, 
although it allows the diffusion of the chlorides and bromides of 
barium and strontium. Moreover, while succinic, tartaric, citric 
and isobutyric acids diffuse through the membrane, their potas- 
sium salts do not. Evidently the views of both Traube and 
Ostwald require modification. The author thinks the phenomena 
of diffusion may be due to solution, since all these semi-permeable 
membranes are strongly hydrated.—Zeitschr. physikal. Chem., x, 
255, Aug. 1892; J. Chem. Soc., |xii, 1383, Dec. 1892. G. F. B. 

3. On Fluosulphonic acid.—It has been shown by Gore that 
when liquid hydrogen fluoride is brought in contact with sulphur 
trioxide, it acts upon it with great violence. Tuorpr and Kir- 
MAN have studied this reaction and have shown that when the 


252 

| 

| 

} 

| 

it 

i 
{ 


Chemistry and Physics. 258 


two substances are mixed in proper proportions at a low temper- 
ature, the product isa mobile colorless liquid corresponding to 
the chlorsulphonic acid of Williamson, and which the authors 
cali fluosulphonic acid. To prepare it a known quantity of sul- 
phur trioxide was distilled into a platinum receiver, this was im- 
mersed in a freezing mixture, and connected with a platinum 
retort containing hydrogen-potassium fluoride in excess. On 
heating this, hydrogen fluoride passed into the receiver and com- 
bined with the trioxide. To free the fluosulphonic acid thus 
formed from the excess of hydrogen fluoride, it was heated to 
about 30° and a current of dry carbon dioxide was passed 
through it. The final ratio obtained was | of SO, to 1°13 of HF. 
The analysis of the acid was difficult on account of the extreme 
violence of its action upon water. Its boiling point was deter- 
mined to be 162°6°; though like chlorsulphonic acid it slightly 
decomposes at this temperature, forming probably sulphuryl 
difluoride. Fluosulphonic acid is a thin colorless liquid, fuming 
in the air and having a faint pungent smell. It feels greasy to 
the touch and has but little action on the dry skin; being entirely 
without the intense blistering action of hydrogen fluoride. It 
slowly attacks glass, more rapidly in presence of moisture. It 
readily acts on lead forming sulphate and fluoride.—J. Chem. 
Soe., xli, 921, December, 1892. G. F. B. 
4. On Carbon di-iodide—It has been observed by Motssan 
that when carbon tetra-iodide is exposed to the sun’s rays in a 
vacuum, or even to diffused daylight ora temperature of 120° it 
splits up into carbon di-iodine and iodine. The di-iodide is best 
prepared, however, by dissolving the tetra-iodide in carbon tetra- 
chloride and adding the quantity of powdered silver required to 
abstract half the iodide. It crystallizes in pale yellow nodules, 
fuses at 185°, volatilizes a little above this and begins to decom- 
pose at 200°. Its density is 4°38. It is soluble in carbon tetra- 
chloride, carbon disulphide, ether and hot alcohol. It is not 
reduced by hydrogen at 200° and is not attacked by chlorine or 
bromine in the cold. Heated in oxygen it melts and then decom- 
poses, the carbon burning to CO,. Sulphuric acid decomposes it 
at 200°.—C. R., exv, 152; J. Chem. Soc., xlii, 1291, Nov. 1892. 
G. F. B. 
5. Photographie study of the movement of projectiles.—At a 
meeting of the Physical Society of Berlin, Nov.‘18, 1892, F. 
NexsEn described a new method of studying the movements of 
projectiles which had been carried out under the auspices of the 
Prussian Artillery Commission. Inside the projectile near the 
head which could be unscrewed was placed a sensitive plate. 
This plate was opposite an opening 0°5™™ in diameter. In a 
second arrangement a sensitive plate was also placed at the mid- 
dle of the shot inside it and opposite a small opening which per- 
mitted the entrance of the sun’s rays. The shot was so directed 
that the sun’s rays formed a small image of the sun on the pho- 
tographic plate. At each turning of the shot in its path, an 
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elliptical path was photographed on the sensitive plate. The 
length of this path changed with the turning of the axis of the 
shot. The distance of the trace from the middle of the plate and 
the distance of the plate from the opening which admitted the 
light, enabled one to compute the angle between the axis of the 
shot and the sun’s rays. In order to determine the turning of the 
axis of the shot around a vertical and around a horizontal axis, 
the curves obtained from two firings were combined. These 
shots were directed under the same conditions of velocity in dif- 
ferent directions in regard to the sun’s rays. Diffuse daylight did 
not affect the distinctness of the trace of the sun’s image, for 
plates allowed to remain in the shot for one-half hour showed 
only a faint pin-hole photograph of the surrounding landscape. 
Certain curves showed breaks in continuity which were due to 
the passage of the shot by branches of trees which shielded the 
sun’s rays for an instant from the sensitive plate. The paper 
contains a short mathematical discussion of Euler’s equation with 
the object of determining from the obtained data the air-resist- 
ance moment.—Ann. der Physik und Chemie, No. 1, 1893. 
J. T. 

6. A New Species of the Magnetic and Electrical Instruments. 
—G. QuincKE describes with figures, galvanometer and mag- 
netometers which are of novel form, and which constitute a 
departure from the types which are known to the scientific world. 
The essential feature of the new form is a glass disc, supported 
vertically. Around the rim of the disc, a wire or wires are 
clamped and in a hole at the center of the glass disc is suspended 
a mirror with magnet. This arrangement can serve either as a 
tangent galvanometer or as a magnetometer. It is evident that 
movable coils can be placed on each side of the glass disc which 
carries the suspended mirror. The extreme simplicity of these 
forms will commend them to instructors in laboratories, who 
desire accuracy combined with economical arrangements. The 
author points out the many simple modifications of his idea, and 
maintains that greater accuracy can be obtained by instruments 
of his form than by those of the conventional type. Illustrations 
accompany his article—Ann. der Physik und Chemie, No. 1, 
1893, pp. 25-34. J. T. 

7. Refraction of electrical waves by alcohol.—H. O. G, ELLINGER 
has succeeded in showing the refraction of electrical waves by 
alcohol. The liquid was enclosed in a wooden vessel made in 
the form of a hollow prism. This prism was one meter high, one 
meter and fifteen centimeters long. Its angle was 8° 16’ and it 
held 90 liters of aleohol. The measurement was carried out by 
Hertz’s arrangement of mirror and spark and an index of refrac- 
tion of 4:9 was obtained which agrees with the theoretical result. 
—Ann. der Physik und Chemie, No. 1, 1893, pp. 108-109. 

J.T. 

8. Absorption spectra.—Jutius has by means of the bolome- 
ter determined the wave-lengths of absorption bands of a great 
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number of organic substances in the infra red. His results show 
that all compounds in which the radical CH, enters have a maxi- 
mum of absorption at wave-length 4 = 3°45u and a second be- 
tween 8 and 94. The fluids which contain oxygen absorbed 
waves from 10 to 204. The chlorine compounds show a certain 
correspondence at definite points of the spectrum.—Beiblatter 
Ann. der Physik und Chemie, No. i, 1893, p. 34. rs 3 

9. The Optical Indicatrix and the Transmission of Light in 
Crystals, by L. FiercHer. 112 pp. 8vo. London, 1892 (Henry 
Frowde, Oxford University Press Warehouse).—To the student 
who is bewildered by the conflict of optical theories, this treatise 
will supply a real want in furnishing those relations which can be 
verified by experiment, unincumbered by any dynamical theory. 
The deductions are generally based on simple geometrical con- 
siderations relating to the ellipsoid which the author calls the 
Indicatrix, analytical formule being added for those whose taste 
requires them, and for the purposes of numerical calculation. 
The historical notes, though brief, are valuable, and may give a 
better idea of the actual discovery of the wave-surface, than 
might be obtained by the reading of some classical memoirs, 
while the references to optical theories are entirely free from 
parti pris. The standpoint of the author is in fact that of the 
crystallographer, interested in the optical behavior of crystals, 
rather than that of the physicist to whom the vital question 
relates to the essential nature of light. 

10. A Text-book of Physics, largely experimental, by Epwi1n 
H. Haut and Josrrn Y. Bercen, Jr. 388 pp. 12mo. New York, 
1892 (Henry Holt and Company).--This text-book is to a con- 
siderable extent based upon the Harvard College descriptive list 
of elementary physical experiments (first issued in 1887) called 
out by the requirement, made in 1886, of laboratory work in 
Physics. The experiments are well selected and with the guid- 
ance of a competent teacher should produce good results. As 
the authors remark, however, the book is designed “ to guide the 
student in his thinking not to relieve him from the necessity of 
thinking ;” the danger of early laboratory work seems to be that 
it may bring the mere experiment before the student’s mind more 
prominently than the physical law which it illustrates. This 
difficulty the author seems to have attempted to avoid so far as 
this can be done by written words. 

11. Theoretical Mechanics, a Class book for the Elementary 
Stage of the Science and Art Department, by J. SPENCER. 242 pp. 
12mo. London, 1892 (Percival and Co.).—The author has added 
another to his series of successful elementary text-books, several 
of which have been before noticed in this Journal. The princi- 
ples are clearly stated throughout and their application well illus- 
trated by numerical examples, 
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II. TERRESTRIAL PuysIcs. 


1. Gravity Determinations at the Sandwich Islands, by E. D. 
Preston (in a letter to J. D. Dana, dated Washington, Jan. 27). 
—We have just completed the reductions of the gravity work 
executed recently in the Hawaiian Islands. I have shown them 
to Dr. Mendenhall and with his permission send the following 
statement in regard to the results. The stations included in the 
series are as follows: 


Station. Locality. Latitude. Longitude. Elevation. Gravity. 

(+). (+). h. g (dynes.) 

Washington Smithsonian Inst. 38° 20" 77° 1/ 35” 34 ft. 980-100 
Mt. Hamilton Lick Observatory 37 25 121 38 35 979°651 
Honolulu Kapuaiwa Building 21 3 157 51 46 978°936 
Waikiki J. F. Brown’s 21 25 157 50 978-922 
Kawaihae S. Parker’s 20 25 155 49 ; 978°803 
Kalaieha Humuula 19 32 165 27 53 3 978°490 
Mauna Kea Waiau 19 1] 155 28 : 978-060 


From the above figures for gravity at the three stations on 
Hawaii, it appears that the lower half of Mauna Kea is of a very 
much greater density than the upper. The former gives a value 
of 3°7 and the latter 2:1, the mean density of the whole mountain 
being 2°9. This is somewhat greater than that found for Halea- 
kala and is notably larger than the density of the surface rocks. 
Indeed this appears to be the highest value yet deduced from 
pendulum work, as we see by the following comparison: 


Mauna Kea 2°9 
Haleakala 

St. Helena 


In view of this large value it is probably worth while to remark 
that it depends on observations of Dr. Mendenhall’s new half- 
second pendulums—which attain a degree of accuracy hitherto 
unapproached in work of this kind. 


In regard to the above Dr. Mendenhall writes (Feb. 2, 1893): 

I have been very much interested in Mr. Preston’s determina- 
tion of the density of the voleano Mauna Kea, relative to which, 
as you will see, he has reached what seems to me to be a most 
remarkable conclusion. When a few weeks ago he brought me 
the results of his observations which showed a density for the 
lower half of this mountain, of three and seven-tenths, being 
greater than that of diamond and, in fact, much greater than that 
of any ordinary rock, it seemed to me that there must be an error 
at some point of the reduction of the observations. I therefore 
requested him to check the entire computation and it has been 
gone over by two different computers, resulting in the discovery 
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of no error of sufficient magnitude to sensibly affect the result. 
It seems also impossible to attribute this result to erroneous 
observation. 

In order to reduce the density of this mountain to ordinary 
rock density, which is considerably above that generally obtained 
for voleanic mountains, it would be necessary to assume an error 
in the period of the vibrating pendulum of 1]: 20,000th part of 
the whole. Now with our new pendulums and new methods of 
determining the period of vibration we expect, even with the 
swinging of but a single hour, to get a result which shall not be 
out of the way—that is, as far as the mere period independent of 
the clock error is concerned—more than one part in two millions 
or two and a half millions. That the difficulty can hardly be 
with the pendulums themselves is evident from the facts. 

First. That the results do not depend upon the gravitation 
determinations made here in Washington but are relative merely, 
swings having been made at the level of the sea in the neighbor- 
hood of the mountain. 

Second. These pendulums, which had been very carefully vi- 
brated before leaving for this expedition, were again swung at 
our base station here on their return, and although more than a 
year had elapsed, there was no sensible difference in the period of 
the pendulums. 

I am bound to admit that I have great confidence in the obser- 
vations themselves. Work which Mr. Preston did on this expe- 
dition with these pendulums check very closely with my own 
work at the same stations, and his previous determination in 
which the long Peirce pendulums were used are also in very close 
agreement with the later ones by the short pendulums. 

I do not, therefore, see how we can avoid the conclusion that 
these results are real and that the mountain has an extraordinary 
density. I should be very glad to hear anything you have to say 
upon this problem and particularly any suggestion that you have 
to make as to methods of testing the veracity of the conclusions 
which we seem to have reached in this work. 


OBITUARY. 


Freperick Aueustus GENTH, the veteran mineralogist, died 
at Philadelphia on the 2d of February in his seventy-third year. 
Dr. Genth was born in Waechtersbach, Hesse-Cassel, on May 17, 
1820. He early studied at Heidelberg, later under Leibig at 
Giessen and under Bunsen at Marburg, where he received the 
degree of Ph.D. in 1846. For three years he acted as assistant 
to Professor Bunsen, and not long after he came to the United 
States, where he has since resided. In 1872 he became Professor 
of Chemistry and Mineralogy in the University of Pennsylvania. 
He also held the office of Chemist to the Geological Survey of 
Pennsylvania and to the Board of Agriculture. Dr. Genth was 
an excellent chemist, a man of great industry and enthusiasm and 
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thoroughly imbued with the spirit of the scientific investigator. 
The list of his published papers includes over one hundred titles. 
He commenced his contributions to science in 1842 and for the 
ten years following, when in Germany, he published a number of 
papers chiefly upon chemical subjects. With 1852 commenced his 
contributions to the Proceedings of the Philadelphia Academy and 
here, as also in the Proceedings of the American Philosophical So- 
ciety and in this Journal, his papers appeared at frequent intervals 
up toa short time before his death though in the later years he had 
much to contend against in the way of ill health. His last paper 
appeared in this Journal in January, 1893. These papers are 
chiefly mineralogical and a considerable number of them are upon 
new species ; they all show the hand of the skillful analyst and 
the patient industry of the scientific worker. Some of his larger 
contributions were those on the Mineralogy of Pennsylvania 
(1875-76), also to the Mineralogy of North Carolina (1871-1881). 
Bulletin No. 74 of the U. S. Geological Survey (1891) gives an 
annotated list of mineral localities in the latter State. His mono- 
graph upon the North Carolina corundum and the many phases 
of its alteration is a work of great importance. 

Perhaps his most important contribution to chemistry proper 
was that upon the ammonia-cobalt bases, which he discovered in 
1846; in 1856 with Dr. Wolcott Gibbs, he contributed to the 
“Smithsonian Contributions to Knowledge,” a monograph on 
“Researches on the Ammonia-Cobalt Bases.” 

Dr. Genth was a member of many scientific societies, and in 
1872 he was elected a member of the National Academy of Sci- 
ences. 
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